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SPECIAL GENERAL MEETING.

27th March, 1957.

A Special General Meeting was held in the Society's Rooms, Science House, 157

Gloucester Street, Sydney, on Wednesday, 27th March, 1957.

Mr. S. J. Copland, President, occupied the chair.

On the recommendation of the Council it was resolved that Rule VI be altered

so that the second sentence shall read as follows: "The subscription for Life Membership

shall be 30 guineas."

ANNUAL GENERAL MEETING.

27th March, 1957.

The Eighty-second Annual General Meeting was held in the Society's Rooms, Science

House, 157 Gloucester Street, Sydney, on Wednesday, 27th March, 1957.

Mr. S. J. Copland, President, occupied the chair.

The minutes of the Eighty-first Annual General Meeting, 28th March, 1956, were

read and confirmed.

Presidential Address.

I would like to express my thanks to the Linnean Society of New South Wales
for the honour I am enjoying tonight of delivering the Presidential Address for the

second time. It has become a pleasant duty for the President each year to acknowledge

the Society's debt to its two honorary officers. Dr. W. R. Browne and Dr. A. B. Walkom.
Members should not take their unselfish and devoted services to the Society for

granted. It is difl[icult to over-estimate the extent to which the efficiency and smooth
running of the Society depend on them. I know that I can express on your behalf our

gratitude for the valued loyalty of Miss G. L. Allpress.

Parts 1-2 of Volume 81 of the Society's Proceedings were published in 1956, and
Part 3 in February, 1957. Volume 81 consists of 329 pages, 16 plates and 289 text-

figures.

In April, 1956, Mr. T. C. Roughley resigned from the Council and on 20th June,

1956, Professor R. L. Crocker, D.Sc, was elected in his place. A letter of appreciation

of his services was sent to Mr. Roughley, who had served on the Council for 25 years.

At its meeting in March, 1957, the Council elected Mr. Roughley to Corresponding

Membership of the Society. Dr. A. R. Woodhill was unable to attend meetings of the

Council for some months on account of a long and serious illness. The Council appointed

a committee to suggest means of attracting increased attendance of members at the

Ordinary Monthly Meetings. Its report is being considered by Council and proposals

will be circulated to members in due course.

During the year 15 new members were added to the list, a Corresponding Member
(Rev. H. M. R. Rupp) died, and three resigned. The numerical strength of the Society

at 15th March, 1957, was: Ordinary Members, 212; Life Members, 31; Corresponding

Member, 1; Associate Member, 1; total, 245.

The total net return from the Society's one-third ownership of Science House for

the year was £1,088. At a meeting of representatives of the owner-bodies it was agreed

that there appeared to be no possibility of proceeding with the extension of Science

House.

Proceedings of the Linnean Society of New South Wales, 1957, Vol. Ixxxii, Part 1.
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Library accessions from scientific societies and institutions totalled 2,013, compared

with 2,007 for the previous year. Requests for library loans of periodicals and books

from local and interstate institutions and universities continued to be made as frequently

as previously, and the demand for reprints is as keen as ever. Mr, Charles Hamilton

donated to the Society many books, copies of the Society's Proceedings and parts of

other periodicals, together with a large collection of lantern slides, from the library

of the late Mr. Alex. G. Hamilton. The British Museum (Natural History) forwarded,

as part of its exchange for our Proceedings sent to the Tring Museum, the first six

volumes of "Novitates Zoologicae", thus making the set of that publication in our

library complete. The Florida State Museum, University of Florida, Gainesville, Florida,

U.S.A., was added to the exchange list to receive our Proceedings and the copy of the

Proceedings sent to the Citrus Experiment Station, University of California, Riverside,

California, will be sent as from 1957 to the University of California, Davis, California,

the Citrus Experiment Station at Riverside receiving instead reprints of agricultural

papers. Reprints from the Proceedings were offered to: University of Agricultural

Sciences, Godollo, Budapest, Hungary (agricultural); Central Research Institute,

University of Travancore, Trivandrum, S. India (zoological including entomological) ;

Ceskoslovenska Zoologicka Spolecnost, Praha, Czechoslovakia (zoological) ; and Istituto

Nazionale di Entomologia, Roma, Italy (entomological).

Lecturettes were given at the following Monthly Meetings: April: Soil Development

in relation to Vegetation in South-eastern Alaska, by Professor R. L. Crocker; June:

Plant Drugs in Modern Medicine, by Professor R. H. Thorp; July: Filariasis in Malaya,

by Mr. R. H. Wharton; September: Glimpses of Plants and People of Ceylon, by Dr.

I. V. Newman; October: An Ecologist in Brazil, by Dr. L. C. Birch; and November:
Climatological Changes and Species Formation in Australian Animals, by Dr. J. A.

Keast. We wish to express our thanks and appreciation to these six gentlemen for

their contributions to the interest of the meetings. At two other meetings very

interesting notes and exhibits by a number of enthusiastic members added greatly to

the programme. We should like to see this keenness and interest continued and
increased during the coming year.

To the many recognitions of the distinguished work of Professor W. L. Waterhouse

has been added the Stakman Award.

Linnean Macleay Fellowships.

In November, 1955, the Council reappointed Miss Nola J. Hannon and Mrs. Mary B.

Williams {nee Macdonald) to Fellowships in Botany for 1956.

During 1956 Miss Hannon's studies were concerned with two main projects—the

interrelationships of native legumes and rhizobia in Hawkesbury Sandstone communities
and the recolonization and nitrogen accretion in a subsere. Laboratory studies of the

symbiosis of Acacia suaveolens and rhizobia were directed towards measurements of its

effectiveness under varying conditions of nutrient levels, rhizobial strains and soil

inocula. The natural variation of the host plant necessitated the occurrence of large

differences between treatments to attain significance. This provides difficulties, since

the range of tolerance of the host to external conditions is limited. However, the

past year's laboratory trials indicated the necessary environmental conditions for the

vigorous development of the host plant. Due to the exercise of critical selection of seed

at the annual seeding season in November, 1956, it is hoped that a more uniform
population of plants may develop in future trials. The quantitative occurrence of

legumes in the field was determined by a visual weight estimation method for both
shrubs and trees in each of the typical formations occurring on Hawkesbury Sandstone.
Legumes form a prominent fraction of the mass of the shrub stratum, but the inclusion

of the massive dominants—non-leguminous trees—reduced the fraction very consider-

ably. It is of interest to note that the proportion of legumes is very high in an early

stage of the psammosere succession and also is higher in a subsere which has been
examined than in the climax stands. Legumes doubtless are playing an important
role in the accretion of nitrogen in serai stages and in the counterbalancing of losses

In mature stands. The subsere which was investigated consists of an area of about
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eight acres from which plant and soil cover were removed thirty-eight years ago and
which has regenerated with little disturbance since that time. Descriptions of this

area were made during 1955, and the collection and analysis of samples of parent

material, soil and plant material from the denuded area and the adjacent virgin climax
forest were carried out during 1956. Making allowance for the original nitrogen content

of the area after clearing, the data show that an appreciable fraction of the nitrogen

content of the climax community has already accumulated during the past thirty-eight

years. Rainfall, legumes and blue-green algae contributed to the existing nitrogen level.

The investigations in the subsere conclude the studies that were carried out during

the past three years on a general survey of the status of nitrogen in the Hawkesbury
Sandstone communities. The first of a series of papers recording the results of these

studies appeared in Part 2 of the Proceedings for 1956.

During 1956 Mrs. Mary B. Williams continued her work on the freshwater algae

of the family Characeae. Cross-breeding experiments and chromosome determinations

have been used to clarify the limits of certain morphologically similar species, in

conjunction with detailed comparisons with type specimens, where available. Experi-

ments with colchicine have shown that artificial polyploidy can be obtained in segments

of Nitella plants, but that further growth is almost always from the non-polyploid

regions. It is difficult, therefore, to raise a wholly polyploid plant. It has been shown
that spores of Chara australis probably need an after-ripening period of at least six

months. Germination is promoted by treatment with an infusion of rotting Chara

detritus, but not by any of numerous other treatments which have been tried.

In November, 1956, the Council reappointed Miss Nola Hannon and Mrs. Mary
Williams to Fellowships in Botany for 1957.

Miss Hannon's future work will be confined to investigations of the character of

native rhizobial strains and of their symbiosis with indigenous legumes.

During. 1957 Mrs. Williams proposes to continue and, if possible, complete the

revision of the taxonomy of Australian Characeae. This will require further chromo-

some determinations and cross-breeding experiments, and detailed examination of

herbarium specimens, which have been loaned from the National Herbaria in Melbourne

and Sydney. It is planned to continue investigations into the germination requirements

of Characeae spores.

We extend to both Fellows our best wishes for a successful year's research work.

Linnean Macleay Lectureship in Microbiology.

In his Presidential Address delivered in March, 1955, Dr. F. V. Mercer drew your

attention to the fact that the income from the Bacteriology Fund was only sufficient

to pay about half the salary of a competent bacteriologist. He also referred to discussions

which had taken place between the Council of the Society and the University of Sydney

regarding the possibility of some joint arrangement to make the best possible use of

the Bacteriology bequest. Subsequently a Deed was made between the Linnean Society

and the University in which the history of the bequest was briefly stated. The Deed
then continued as follows: Whereas by reason of increasing costs of living and other

matters the Society finds that it is unalfle to pay a sufficient salary to a Bacteriologist

to carry out the Testator's directions and has approached the University with a

suggestion that a Bacteriologist should be appointed by the University and that the

Society should contribute part of his salary and whereas the Senate of the University

and the Council of the Society have consulted together and the University has agreed

to appoint a Bacteriologist subject to the Society making the payments hereinafter

specified and for the purpose of setting forth the rights and liabilities of the parties

it has been agreed that they shall enter into these presents and whereas for the purpose
of enabling the parties to enter into this Deed it is necessary that application be made
to the Supreme Court of New South Wales in Equity for an order approving of the

variation of the trusts of the Testator's Will and the said Memorandum in respect of

the said sum of Twelve thousand pounds and also approving of the conditions henceforth

to be observed in relation to the said legacy now this Deed witnesseth that in pursuance

AA
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of the said Agreement and in consideration of the premises it is declared and agreed

as follows: (1) The parties hereto shall make immediate application to the Supreme

Court of New South Wales for approval of the arrangements contained in this Deed.

(2) Doctor Tchan having been appointed by the University as Lecturer in Bacteriology

as from the 1st of August, 1955, such appointment be deemed as from that date an

appointment under this Deed. (3) With regard to any future appointment the University

shall advertise in the manner laid down by its rules. (4) A selection committee shall

be appointed to consider applications for the position of Bacteriologist and such com-

mittee shall be a joint committee of the University and the Society and shall make its

recommendations to the Professorial Board. (5) The Professorial Board shall have the

power to accept or reject the recommendation of the selection committee or to ask the

committee to reconsider its decision. (6) Upon the acceptance by the Professorial Board

of the committee's recommendation the Senate of the University shall appoint the appli-

cant selected to the position of Bacteriologist the status of which position shall be that of

a Lecturer or a Senior Lecturer of the University of Sydney according to the qualifications

of the successful applicant. (7) The title of the position shall be "Linnean Macleay

Lectureship in Microbiology". (8) After deducting from the income derived by the Society

from the assets held on the trusts referred to in the recitals all reasonable expenses and

after the provision out of such income of a fund to cover contingent expenditure the

Society shall pay to the University the balance of such income as from the 1st of August.

1955, which shall as to the whole or £700, whichever is the less, be used in part payment
of the salary of the said lecturer and the University shall pay the balance of such salary.

If in any year the sum so paid to the University by the Society should exceed £700,

the surplus shall be used by the University (a) in further payment of the salary of

such lecturer and/or (b) towards the purchase of laboratory equipment for the use

at the University of such lecturer, and/or (c) towards the purchase of books and other

publications for the use at the University of such lecturer, and/or (d) for such other

purpose as in the opinion of the University shall benefit the Linnean Macleay Lectureship

Jn Microbiology. (9) The person appointed shall be given the same leave and retirement

rights as other Lecturers or Senior Lecturers appointed to the University staff and the

University shall make the necessary payment to the Superannuation Fund. (10) The
laboratory equipment held by the Society for the Macleay Bacteriologist shall be made
available on loan to the University for the use of the person appointed as aforesaid.

(11) The person appointed shall be required to submit an annual report on his research

to the University. (12) The University shall make available to the Society the annual
report of the person appointed so that such report may be published in the Proceedings

of the Society.

On behalf of the Society, A Petition by Dr. F. V. Mercer and Dr. A. B. Walkom
was preferred to the Chief Judge in Equity on 24th August, 1956. Upon hearing what
was alleged by Counsel for the Petitioners, Counsel for Her Majesty's Attorney-General
for New South Wales, and Counsel for the University of Sydney, the Court ordered
"that the Linnean Society of New South Wales be and it hereby is authorised to apply
the income of the assets held on the above ti^usts in the manner set forth in the draft

Deed agreed upon between the Society and the University of Sydney".

Obituary.

Reverend Herman Montague Rucker Rupp, B.A., who had been a Corresponding
Member since 1942, died on 3rd September, 1956, at his home in Willoughby, N.S.W.,
aged 84. Mr. Rupp was born at Port Fairy, Victoria. He was rector of various parishes
in New South Wales, Victoria and Tasmania, and was secretary to the Australian Board
of Missions from 1917 to 1920. He was rector of Raymond Terrace when he retired

in 1939. Mr. Rupp was one of Australia's leading authorities on orchids and received

many awards for his botanical work, the last having been the J. K. Moir Natural
History Medallion for 1955. He was awarded the Clarke Memorial Medal of the Royal
Society of New South Wales for 1949. He contributed to this Society's Proceedings
between 1925 and 1951 twenty-seven papers and three with co-authors.
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Australian Tree Frogs of the genus Hyla.

The President gave a summary of his work on Australian Tree Frogs of the genus

Hyla. (For full text, see p. 9 et seq.)

The Honorary Treasurer, Dr. A. B. Walkom, presented the Balance Sheets for the

year ended 28th February, 1957, duly signed by the Auditor, Mr. S. J. Rayment,

F.C.A. (Aust.), and his motion that they be received and adopted was carried

unanimously.

No nominations of other candidates having been received, the Chairman declared

the following elections for the ensuing year to be duly made:

President: Lilian Fraser, D.Sc.

Members of Council: W. R. Browne, D.Sc; S. J. Copland, M.Sc; R. L. Crocker, D.Sc
Lilian Fraser, D.Sc; A. B. Walkom, D.Sc; and W. L. Waterhouse, M.C., D.ScAgr., D.I.C.

Auditor: S. J. Rayment, F.C.A. (Aust.).

A cordial vote of thanks to the retiring President was carried by acclamation.
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PRESIDENTIAL ADDRESS.

AUSTRALIAN TREE FROGS OP THE GENUS HYLA.
By Stephen J. Copland.

[Delivered 27th March, 1957.]

Synopsis.

All 44 known continental species and subspecies of the genus Hyla are dealt with in a
purely systematic way, but an attempt has been made to indicate at least interesting and
important notes on ecology, colour in life, breeding- habits and other matters not directly

bearing on the present approach. A standard description of each frog is given to facilitate

comparison. It was thought essential to include original descriptions to serve as courts of

appeal, especially as so many type specimens are vmavailable overseas. Variation in nearly
3000 frogs has been studied, and contributions of other authors have been discussed. Fairly
comprehensive lists of locality records are included as a basis for the more accurate study
of geographical distribution. Short diagnoses have been added to the key to simplify

identification. Bight new specific and subspecific names have been given.

Introduction.

The purpose of this paper is to provide a basis for work on the Australian tree

frogs or Hylids. It was felt that this would be best served by providing a complete

set of standard descriptions of all species so that comparison of species can be made
conveniently and directly character by character. It has been thought essential to

include all original descriptions. They must serve as the final checks because the

ultimate court of appeal to type specimens cannot be made in Australia. Most types

are overseas and it would be impossible in any case to trace many of them. To the

standard and original descriptions have been added notes on variation based on the

individual examination of nearly 3000 frogs from the collections of most museums in

Australia and a fairly large number of specimens in the author's collection. Geographical

distribution has been dealt with by lists. Finally, problems associated with each species

and the contributions of other authors have been discussed. A short diagnosis of each

species has been added to the key to facilitate identification. One reason for this work

is that the Australian Hylidae lack any comprehensive paper dealing with them as a

unit. All other Australian frogs have been monographed: the Ranidae by Boulenger

(1920), and the Microhylidae and Leptodactylidae by Parker (1934, 1940). Keferstein

(18686) dealt with all species known at his time in the only work on Australian frogs

to be published yet, but his descriptions are often short and other aspects are hardly

mentioned. Also some frogs have the barest treatment. Boulenger in his great catalogue

dealt with the frogs of the whole world (1882), and besides a standardized description

was able to give only a short synonymy and the localities of but few specimens.

Nieden (1923) in the main gave only a redescription from Boulenger, adding occasional

points and including species new since that author. Loveridge (1935), who made an

essential contribution to this study, listed all Hylidae known at the time, gave many
locality records, and did much towards clearing up problems, notably those of the

lesueurii and etoingii groups. It has been impossible to deal fully with even the more

important references by the many authors who have discussed Australian Hylids, yet

an attempt has been made to indicate briefly interesting and important notes on ecology,

colour, breeding habits and other matters not directly bearing on the present systematic

approach to all the continental species known. It is expected that some of these fields

will be treated at length in forthcoming publications by Moore and Colefax. This

study of variation and distribution has strongly suggested certain patterns of migration

from the north. The picture is of at least three phases—one comparatively remote

Proceedings of the Linnean Society of New South Wales, 1957, Vol. Ixxxii, Part 1.
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Icadini; to llu' coloiii/al ion ol I'asiuaiiia and south-west Australia by a path close to

the soutliorn roasts in wetter times; a second after the establishment of desert conditions

isolating the south-west corner both from the north and east; and, finally, very recent

minor waves of misration from New Guinea affecting Cape York peninsula. This

last phase of colonization by frogs is paralleled in lizards, vide Copland (1946: 310).

Noble's papers (1924: 1 and 1922: 63-75) should be consulted, but the subject cannot be

surveyed here. While the present study has abundantly supported the comments by

Cochran (1955: xv) that "Every physical character found in frogs varies to some

e.xtent. and some characters vary much more than others. These facts have not been

fully realized by some authors. For instance, the position and development of the

vomerine teeth, used by Boulenger, Cope, and other herpetologists, are not constant in

some species. Key characters must therefore be interpreted rather widely, with the

realization that no key will suffice for the identification of every individual in a variable

species", variation must be regarded as occurring within well defined limits and the

characters of Australian Hylids are for the most part conservative. The remarks of

Wright and Wright (1949: 2) that "We have realized the inadequacy of vertebrae,

skull, pectoral girdle, sacral diapophyses, teeth, disks, and other structural characters

(largely osteological) in the classification of a smooth (scaleless) group" seem unduly

pessimistic. The usual taxonomic terms have been adhered to with the following

provisos. There is probably no satisfactory method of dealing with vpebbing because

preservation alters its extent, but a method which allow^s comparison has been adopted.

The web is gently expanded to its normal condition and its length measured in the

midline from the junction of the enclosing digits. The digits are measured from the

same point to the base of the discs. Then the length of the web is doubled and taken

as a percentage of the combined lengths of the two digits. Comparative lengths of

fingers and toes are given in order of increasing size, the smallest first. The size of

the largest disc, usually that of the third finger and fourth toe, is used for discussion.

The thumb is counted as the first finger. Some references have been omitted as not

contributing anything of importance to the knowledge of hylids, and others have simply

been mentioned under the heading of synonymy and references. References are normally

given to the first page only on which a species is mentioned, but an exception has been

made in the case of Fletcher and a few others where the references are w^idely scattered.

Modern papers on systematics, including Parker (1934, 1940), Loveridge (1935, 1945,

1948), Liu (1947), Taylor (1948, 1949) and Neill (1954) have been consulted in

drawing up the standard description. Particular care has been paid to include every

diagnostic feature of the original description in the standard one. Usual abbreviations
have been used for the States, and the following ones for museums: A.M., Australian

Museum; Q.M., Queensland Museum; N.M., National Museum, Melbourne; S.M., South
Australian Museum; W.M., Western Australian Museum; Q.V.M., Queen Victoria Museum,
Launceston. R.D.M. and A.C. refer to the collections of R. D. MacKay and the author.

Actual dates of collection are given when possible; if not, the date of acquisition. The
bibliography has been made as complete and accurate as possible. I regret omissions
and errors. The key is based on that of Boulenger and the Australian Museum manu-
script one prepared by Fry and later revised by Kinghorn. Minor points have been
noted from Keferstein, Scott and others. Most of the common Australian frogs are
treated briefly in Lucas and Le Souef's The Animals of Australia, but their treatment
does not add greatly to the present study.
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of New South Wales, and the librarians at the Australian Museum and the Royal
Societies of New South Wales, Victoria and Tasmania kindly sought out references for

me and lent books. I am indebted to Dr. H. W. Parker, of the British Museum, for

sending me a copy of Tschudi's "Classification der Batrachier" otherwise unavailable
in Australia. John M. Condit's manuscript check list of the Hylidae of the World has
been very useful. General thanks are due to Professor John M. Moore, whose visit to

Australia did so much to rouse interest in local frogs. I would also like to acknowledge
help from Mr. F. J. Mitchell, of the South Australian Museum; Miss P. B. Atkins, of

the Queen Victoria Museum; Mr. C. Tanner, Mr. Ross Pengilley and Miss Gabrielle
Smith. Dr. W. G. Woolnough translated some German for me. The many authors
discussed in the text are listed in the bibliography and synonymy. It is fitting to refer

to the outstanding contributions to the knowledge of Australian amphibia made by
Mr. J. J. Fletcher, who was for so long a prominent member of the Linnean Society of

New South Wales. I am much indebted to Dr. A. B. Walkom for the thankless task
of editing this paper. Lastly, I am grateful to my wife and daughters Morgen, Janet
and Christina for either collecting or enabling me to collect many hundreds of frogs

during collecting trips.

Key to the Hylidae of Australia.

(Several drafts of a dichotomous key have proved cumbersome and unsatisfactory. The
clearest method for identification appears to be to use this method to divide the frogs into
groups, and then to provide diagnoses within each group.)

A. Vomerine elevations absent.

1. Extremely slender, width of head contained in length of head and body 3-.5 times, head
wider than body in 93% of cases; snout projecting, rather shark-like: side stripe
conspicuous ; small granular disc in centre of tympanum H. hicolor hicolor.

2. More compact, body less elongated, width of head contained 3 times in length of head
and body, body wider than head in 80% of cases ; more extensive webbing between
3rd and 4th fingers; constriction of body between eye and shoulder less pronounced;
tympanum smaller ; white stripe from mouth to above shoulder more conspicuous

• : H. h. glauerti.

AA. Vomerine elevations present.

B. Fingers at least one-third webbed.

1. A serrated ridge along hinder edge of forearm and foot ; tympanum distinct, about
2/3 diameter of eye ; vomerine elevations mainly between choanae : webbing reaches
disc of 4th finger ; toes entirely webbed H. eucnemis.

2. Vomerine elevations very small, oval, oblique, well separated from each other and
choanae, totally or about 2/3 behind choanae; fingers strongly webbed; toes fully

webbed; tympanum 1/3 or 1/4 size of eye; uniform plumbeous above, whitish below
H. dayi.

3. Upper arm white and much thinner than forearm, which is widened and thickened into

a large, granular, dorsal shield ; tympanum covered with granular skin ; often a white
line from canthus rostralis, over eye, and above tympanum ; thighs purple ; granular

area along margin of lower jaw; yellow or white below; finger webbing 70%
H. ffracilenta.

4. Resembles gracilento, but differs in larger size, larger eye, obtuse canthus rostralis,

oblique lores, very distinct tympanum the skin of which is free from granulation,

uniform head colour, and absence of white streak along limbs and round the upper
surface of the head H. chloris.

5. Large size ; blue in alcohol ; skin of back thick and smooth with minute pores ; often

white spotted haphazardly on sides and back, only plain in about 30% of cases; usually

white markings under tympanum, from angle of mouth, and on upper arm ; largest

finger disc averages size of tympanum ; fingers webbed about 40%, toes 56%
H. caerulea caerulea.

6. White spotting and other white markings less conspicuous ; finger discs smaller than

tympanum H. c. gilleni.

7. Habitus large and rangy ; a wide, white line, continued from along margin of lower

jaw, runs back to above forelimb where it ends abruptly ; finger web 53% ; webbing

of toes 68% H. infrafrenata infrafrenata.

8. A conspicuous, quite wide, white stripe runs back from the upper jaw, over the

shoulder, and is prolonged half-way along the side as a series of large, blob-like, partly

confluent white spots ; lacks light line along canthus rostralis and behind eye as well

as dorsal shield on forearm of gracilenta ; white spots quite unlike those of caerulea
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in both .listribuliun ;.i..l .luua.UT : i.viu|.:mnni dislinrt ;
skin sm-x-th l.ut minutely

pitted: vomerine olovatinns almost iKliind .-h.-anac :
(InKer webbing -;%, <>i toes 50%

H. irrorata.

M Vomerine i-l.-vaimns niainlv luUvc.n an,! in Iront of choanae, but because choanae are

small they mav proj.nt a littl.' behind; posterior surfaces of thighs yellow more or

less boldly blotched with black: dorsum iou,i;li and always more or less warty; webbing-

of fingers 50% : toes webbed to discs or nearly so H. j)eronii.

10. rnlike pcronii perfectly plain behind thighs except for a small dark extension from

dorsum about vent; groin immaculate or with a few, very small, obscure white spots;

habit moderately slender: head longer than broad; finger webbing 24%, of toes 70%
I-I. biirrowsi.

BB. Fingers free or webbed at the base.

C. Vomerine elevations behind the level of the choanae, or only slightly between.

1. A g-old or wliitf line along the canthus rostralis and supratympanlc ridge always

present: front of thighs and practically whole of posterior surfaces purplish or colour

.if sfiuashed mulberry, occasionally white or yellow; tympanum half size of eye, often

indistinct ; vomerine elevations very small, rounded, narrowly separated, entirely behind

choanae : web of fingers 23%, of toes 63% ; dorsum uniform bluish green

H. phyllochroa piiyllochroa.

2. Dorsum punctate with a varying number of jet black dots; snout projecting; eye

bulges very distinct : vomerine elevations about half between choanae
H. p. harringtonensis.

3. Vomerine elevations totally behind choanae very distinctly to only just, except in 5%
when they are partly between the choanae ; finger discs equal tympanum or are slightly

smaller : small webs between fingers ; backs plain, flecked or dotted, or banded but

not in a trilobed fashion H. rubella.

4. A wide, dark, median band the whole length of liead and body, covers more than half

the back and is composed of three more or less equally sized rounded areas marked off

by waists to form a trilobed pattern ; dorsal colours light brown and dark brown

;

vomerine elevations totally behind choanae H. dentata.

5. \'omerine elevations in two oblique or rounded groups almost always behind tlie

choanae ; a distinct white Ime from under the eye becomes more pronounced, although

broken up, over glandular area beliind mouth ; fingers free or web moderately developed

;

toes half webbed ; discs smaller than tympanum ; heel reaches to about tip of snout . . .

H. citropa.

(). Upper surface of body minutely pitted so that the closely opposed margins present a
finely reticulate appearance ; tympaniun not visible ; toes completely webbed ; olive grey

back blotched with dark markings H. inaculata.

7. Tympanum hidden or very small, about 1/4 or 1/3 diameter of the eye, ratlier indistinct;

vomerine elevations nearly half between choanae ; dorsal colour uniform brown with
obscure dark marbling H. ohsoleta nannotis.

CC. Vomerine elevations between, or on a level with the front edge of tlie clioanae.

D. No outer metatarsal tubercle.

E. Toes half to two-thirds webbed.

1. A wide blackish bar joins the eyelids and extends as a wide black band to the end
of the body, it is divided by a vertebral light stripe ; a conspicuous white or silver

stripe from under the eye to over the shoulder ; sides light brown with obscure dark
markings; posterior surfaces of thighs clear yellow (red in life) except for a few
indistinct brown spots H. ewingii eivingii.

2. The wide dorsal band, vertebral light stripe and habitus of e. eioingii retained

;

prominent black blotches on sides ; snout shorter and tip more truncate than in
e. verreauxii h. e. nixtaewingii.

3. Prominent black blotches on sides ; back of thighs plain yellowish or with speckling
or obscure markings

; snout rather pointed ; discs of fingers from half to as much as
three-quarter size of tympanum ; fingers free or webbed as mucli as 20%

H. e. verreauxii.
4. Back and sides very warty ; generally heavily striped longitudinally with black ; a

black oblique bar down the flank ; usually a wide and distinct light vertebral line ; a
white band from over the eye joins one from under the eye over the shoulder to
enclose a prominent black stripe from the nostril to over tlie slioulder ; posterior
surfaces of thighs generally clear yellow or brownish ; fingers free with small discs ;

almost always green in life h. e. alpina.
5. Markings as alpina, but back smooth or practically so ; markings sometimes con-

spicuous, but even when reduced the oblique bar or heavy marking on the flank is

_ almost invariably present
; anterior and posterior surfaces of the thighs nearly

always clear yellow, but there may be a few black dots H. e. loveridgei.
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6. Groin and hinder side of thigh with bold, accentuated, rounded, purple or black
blotches on light brown or yellow ; finger discs as large as tympanum or even larger ;

webbing of fingers better developed than in other races except a few verreauxit

H. e. calliscelis.

7. Tympanum very small, 1/3 diameter of eye; vomerine elevations very small (probably
ewmgii) h. parvidens.

8. Compact habitus ; heel reaches to centre of eye ; large black markings on back of
thigh and flank ; rather large tympanum ; wide interorbital space ; dorsal band
lacking //. ine/uinalis.

EB. Toes more than two-thirds webbed, the web reaching the discs of the 3rd and 5th
toes, or practically so.

1. Hinder side of thighs yellow; larger than ewingii; more elongated and at the same
time the body is more flattened and the head is wider H. jervisiensis.

2. Snout elongate, pointed, shark-like in profile ; a little webbing between 2nd and 3rd
fingers ; vomerine elevations between or to half behind choanae ; a wide, white line

from the upper lip to above the shoulder is occasionally extended more posteriorly

H. adelaidensis.

3. Fingers quite free; snout considerably longer than the diameter of the eye; dorsum
practically smooth ; no vertebral white stripe ; a continuous dorsolateral fold ; a
white line along dorsolateral fold from eye, and another from under tympanum to

above shoulder H. aurea aurea.

4. A distinct w^hite vertebral line
; back warty, especially from behind head to end of

body ; the dorsolateral fold usually discontinuous and posteriorly broken up into a
series of warts ; warts often arranged in four or six irregular longitudinal rows
along back H. a. raniformis.

5. Close to raniformis and its Tasmanian representative. Larger than raniformis, of

which only about 6% are over 60 mm. and 1% over 70 mm., the Tasmanian race has
about 75% of adults over 60 mm H. a. major.

6. Lacks the prominent white dorsolateral line and also the line along the upper jaw ;

back quite smooth ; vomerine elevations in a single series ; underside uniformly white
H. a. ^dongae.

7. Canthus rostralis more sharply marked than aurea, nostril twice as far from eye as

from end of snout, 1st finger longer than 2nd, 3/4 instead of nearly entirely webbed
toes (vide Procter 1924: 1128)) H. hlandsuttoni.

8. Skin more or less shagreened (only one smooth example seen) ; usually more warty
than any aurea ; normally two phases of warts, one large and the other smaller

;

larger size than raniformis H. vioorei.

9. Groin and sides of thighs black, with large, rounded, white or yellow spots ; lower

surfaces reticulated more or less strikingly with black in adults : dorsum generally

considerably warty enclosing a narrow, smooth vertebral area ; snout rounded

;

vomerine elevations between ' choanae ; back usually grey with dark, irregularly

rounded islands H. cyclorhynclnis.

DD. A small outer metatarsal tubercle.

E. Finger discs nearly size of tympanum, webbing of fingers about 10%.

1. Vomerine elevations paired, transverse, widely separated ; on line joining anterior

corners of choanae
;
posterior surfaces of thighs light brown with a dark brown and

light grey mottled patch below vent ; outer metatarsal tubercle small but distinct

;

heel reaches in advance of snout; webbing of toes about 60% H. X Moore.

EE. Discs of fingers and toes very small, fingers free of web.

F. Back smooth or with a few low indistinct warts.

1. Hinder side of thighs with typically a large black plate, marbled with white islands,

ocelli, figures of eight and similar enclosed areas or script-like markings
;
generally

olive or brown above, plain or peppered with black ; eye bulges prominent ; the distance

from the anterior corner of the eye to the tip of the snout is usually less, rarely

equal, to the distance between the anterior corners of the eyes H. lesueurii.

2. Posterior surfaces of the thighs usually boldly marked with black or dark brown on

a yellow or yellowish-white ground ; a marbled and reticulated pattern running back

from between the eyes is distinctive when present ; a slimmer species than lesueurii

with a narrower head, the distance between the anterior corner of the eyes and the

snout is equal to or longer than the distance between the anterior corners of the

eyes ; eye bulges are fiattened and the upper eyelids are warty
H. latopalmata Jatopalm,ata.

3. Snout longer and more pointed than in I. latopalmata, the distance between the

anterior corner of the eye and the tip of the snout is about a fifth more than that

between the anterior corners of the eyes ; the dorsal pattern of I. latopalmata does

not occur ; the posterior surfaces of the thighs are marked with black on white or

grey, not yellow ^- ^- watjulumensis.
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•1 I'osierior surOues ..f tl.iuhs i-laiii .v.H..wLsli-white ; a .'^mall marbled area eonlined to

the dorsal surface of the thinh ; dorsum life'ht brown closely spotted and reticulated

with darker brown : upper eyelids reticulated in blaclc and white
;
a wide, flattened

body with a very wide head tapering to a narrow waist: vomerine elevations widely

separated and more than half behind line joining the posterior borders ol; the

. Jl. jenolanensis.
choanae

5 Very close to latoualmata. l.ul upper jaw less pointed and lower jaw almost semi-

circular: dorsum quite smooth without even wartiness of upper eyelids: vomerme

elevations transverse and closely opposed instead of being well separated; the black

pattern behind the thighs is on grey not yellow; no short dark bars on lower jaw
H. kinfjhorni.

FF. Back with very prominent warts, or plaits, or longitudinal folds of skin.

1. Back with prominent longitudinal skin folds and striped with light and dark brown

or black ; hinder side of thigh yellowish with a dark stripe running its whole length

a little towards the dorsal margin, often a second or even a third longitudinal

stripe; the most beautifully streamlined of all Australian frogs with its long head

and pointed snout ^- '^asuta.

2. Back conspicuously warty without extended folds, warts rounded, generally separate,

rarely confluent; colour of back variegated; posterior surfaces of thighs brown (more

or less dark) with a few irregular white or light spots H. freycineti.

Hyla bicoloe bicoloe (Gray).*

Synonymy and references.—Eucnemis Mcolor: Gray (1842: 57); Giinther (1867: 55).

Hyperolius ? hicolor: Giinther (1858: 89). HyperoUus Mcolor: Krefft (1865: 20);

Keferstein (186SZj: 275). Hylomantis fallax: Peters (1880: 224), vide Nieden (1923: 208).

Hylella Mcolor: Boulenger (1882: 421); Fletcher (1889: 360; 1894: 526; 1898: 682, 684);

Andersson (1916: 20). Hyla Mcolor: Kampen (1906: 173; 1923: 26-7, 44); Roux (1910:

33); Nieden (1923: 208); Loveridge (1935: 41; 1948: 399); Mitchell (1955: 405).

Gray's original description (1842: 57) reads: Eucnemis Mcolor. Blue in spirits;

underside of body and limbs bluish white; the lips, chin and a streak from under the

eye, beneath the tympanum and along the side of the body to the groin, pure white;

back smooth; belly and thighs granular: the fore toes scarcely webbed, the hinder

ones webbed to the end; the toe disks small: tympanum distinct. Agrees with the

variety of Hyla Jacksoniensis in the disposition of the colours. Inhabits north coast

of Australia; Port Essington, Mr. Gilbert.

Description of No. R.11623, in the Western Australian Museum, a young male,

Watjulum Mission, north-west Western Australia:

Habitus very slender; the greatest width, between eye and tympanum, contained

about 3-5 times in the total length of head and body (26 mm.); head triangular, some-

what longer than broad (8-5 x 7-5 mm.); snout moderate (4 mm.), 1-5 times diameter

of eye (2-75 mm.), rather pointed when seen from above, very slightly rounded but

almost straight in profile, strongly projecting so that the nostril is a little in advance of

lower lip; canthus rostralis angular and distinct, slightly curved; lores a trifle concave,

almost vertical; interorbital width a little greater than that of an upper eyelid (2-5 to

2 mm.), the top of the head flat between rather prominent eye bulges; internasal space

2-25 mm.; diameter of the eye equals its distance from nostril; tympanum moderately

distinct, although granular especially in centre, almost vertical, contained in diameter

of eye about 1-4 times (2 to 2-75 mm.), distance from eye 1 mm.; supratympanic fold

extremely small; seen from above the body is constricted by a long, concave area

between the eye and shoulder on each side.

Skin smooth above; chin and throat smooth; body and underside of thighs with

small area up to vent granular; otherwise limbs smooth; two pectoral folds, one on
each side of the girdle; anal flap small but distinct.

Forelimb fairly robust and long (13 mm.), half length of head and body; hand
5-5 mm.; a widened flat shield on the forearm; finger discs wider than long, small, half

size of tympanum (1 to 2 mm.); fingers in order of length, 1, 2, 4, 3, 4th practically

equal to 3rd; the merest rudiment of web, ex.cept between 3rd and 4th fingers where
it amounts to about 20%; no fringes; subarticular tubercles indistinct; palm granular;

thumb slightly widened at base.

* An index to the species and subspecies dealt with appears at the end of the Address.
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Hindlimb robust for length (42 mm.), 162% of head and body; femur 13 mm., tibia

13 mm., foot 16 mm.; heel reaches to tip of snout; toe discs small but distinct, rounded
or slightly widened, not much more than one-third diameter of tympanum (0-75 to

2 mm.) ; toes in order of length, 1, 2, 3 = 5, 4; extent of webbing between toes, 44, 67, 87
and 73%; web to disc of 5th toe; toes fringed; subarticular tubercles small and
indistinct; sole smooth but divided; inner metatarsal tubercle distinct, slightly

elongated; no outer one.

No vomerine elevations; tongue rather narrow, truncate, free and nicked behind,

grooved dorsally; a rather small subgular vocal sac with large transverse openings into

the mouth on each side of the tongue.

Dorsum and dorsal surface of tibia blue with indications of brown, the same colour

but less marked on the thighs as a narrow band and on shield on forearm; all dorsal

surfaces especially limbs peppered with multitudes of tiny dark brown dots; a con-

spicuous black band runs from the tip of the snout to the eye, being most marked
under the canthus rostralis; this band continues behind the eye over the tympanum to

nearly half-way along the side where it becomes an ill-defined brownish stripe as far

as the groin; the area about the tympanum is brown with little dots which continue

back under the black stripe; under this more or less double stripe, a prominent white

stripe runs from the tip of the snout to the groin; ventral surfaces and upper arms are

pale yellow; the posterior surfaces of the thighs are also pale yellow, immaculate
proximally but heavy dark dotting gradually becomes more distinct distally to form a

kind of longitudinal stripe.

Specimens examined and Locality Records: 15 (R.11623-32, R.11959, W.M.) Watjulum
Mission, north-west W.A.; 2 (R.1520, A.M.) Cooktown, Q. (D. le Souef), 27.xii.1893;

4 (R.4535, A.M.) Somerset, Cape York, Q. (Hedley and McCulloch), June, 1909; 4 (R.6655,

A.M.) Herbert River, North Q. (T. Steel), 14.iv.l914; 6 (R.6944, A.M.) Townsville, Q.

(F. H. Taylor), 15.iii.l916; 10 (R.9591, A.M.) Cape York, Q. (Mel Ward), 1928; 2

(R.12425, A.M.) Echo I., off Arnhem Land, N.T. (C. Barrett), 20.ii.l940; 1 (R.12896,

A.M.) Darwin, N.T. (T. R. Tovell), 23.iii.1945; 8 (M.C.Z.25996-7) Knuckey's Lagoon,

9 m. S. of Darwin, N.T. (T. R. Tovell), 1944, also two New Guinea localities, vide

Loveridge (1948: 399); 3 (U.S.N.M.128712-4) Oenpelli, N.T.; 19 (U.S.N.M.128686-703;

R.3251, S.M.) Cahill's Landing, East Alligator River, N.T.; 2 (U.S.N.M.128710-1) Red
Lily Lagoon, N.T., last three references vide Mitchell (1955: 405), last two localities

about 6 m. W. of Oenpelli, N.T.; 1 (M.C.Z.18489) Bellenden Ker Range, Q. (W. E.

Schevill), vide Loveridge (1935: 41); Port Essington, N.T., type locality, vide Gray

(1842: 57); Cape York, Q., vide Giinther (1867: 55); Alice River and Cape York, both

Q., vide Andersson (1916: 20).

All 44 specimens in the Australian and Western Australian Museums have been

examined.

Variation.—The snout is strongly projecting and shark-like in profile in all except

one of the Watjulum specimens. The interorbital width is constantly greater than that

of an upper eyelid, and often approximately twice as wide. The tympanum is consistent

in being contained in the diameter of the eye about 1-4 times. The granular area in

most frogs is concentrated to form a small disc in the centre of the tympanum. The
well-marked constriction between the eye and shoulder is always present. The shield

on the forearm is always developed and has a dorsal pleat, which may be very distinct,

across the wrist. Fingers are practically without web except for about 20% between

the 3rd and 4th. Webbing of the toes agrees very well with that of R.11 623. It is

generally well separated from the disc of the 3rd toe, but very close in one or two
specimens. Coloration is fairly typical. The stripe through the tympanum is usually

brown but may be practically black. The dark stripe behind the thighs may extend

the whole length, be represented by an area of dots, or even in one case be nearly

plain. A few specimens have the dorsum brown. The 10 R.9591 juveniles show the side

stripe just as clearly as adults.

Discussion.—H. b. Mcolor is chiefly distinguished because of its extreme slenderness.

The width of the head is contained on an average 3-52 times in the total length of

head and body as compared with 3-07 times for b. glauerti. The slender habitus is still
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furthor oinphasized by the fact that only about 7% have the body wider than the head

while this occurs in about 80% of glauerti. One specimen of l)icol07- R.11632 had the

hoad width to snout-vont measurement as low as much as a third. Bicolor also differs

in the foUowins respects from (ihiuerti: the snout projects more, the tympanum is

slightly larger, the constriction between the eye and the shoulder is more pronounced,

and the side stripe is more prominent. Glauerti has more extensive webbing between

the 3rd and 4th fingers, a wider and more conspicuous stripe from above the mouth

to the shoulder, and a larger external vocal sac in the males. Andersson (1916: 20)

had eight specimens which all lacked vomerine teeth. He records that Dr. Mjoberg

reported the frog as very common in pandanus trees, where they sat in the interspaces

of the leaf sheaths. A field note with the fine series from Watjulum remarks that

specimens only occurred on pandanus. Nieden (1923: 208) describes Mcol07- both with

and without vomerine elevations. He gives a full account of the tadpole. Noble (1931:

508) sank HyleUa and Nyctimystes as polyphyletic assemblages in Hyla. Loveridge

(1935: 41) noted that his two alcohol-preserved frogs were smooth above, even under

a strong lens, while a formalin-preserved specimen was strongly granular. Later

(1948: 399) he discusses eight frogs from the Northern Territory and 49 from Merauke

and Aitape. The New Guinea group "apparently only differ in the possession of

vomerine teeth and larger size". The largest male and female each measured 30 mm.

Twenty-two Aitape juveniles had no vomerine elevations. New Guinea frogs should

probably be given subspecific status if only on the grounds of the adults possessing

vomerine elevations. Bicolor occurs along the northern coasts of Australia and then

down the eastern seaboard to about Central Queensland, where it is replaced by

fllauerti. Its range also includes islands off the northern coast and New Guinea.

Hyla bicolor glauerti, subsp. nov.

Synonymy and references: Eucnemis Mcolor: Giinther (1867: 55). Hyperolius

bicolor: Krefft (1865: 20). Hylella Ucolor: Boulenger (1882: 421); Fletcher (1889:

360, 386: 1S90: 671; 1892: 11; 1894: 524-6, 530-1); Lucas and Le Souef (1909: 297).

Hyla Mcolor: Nieden (1923: 208); Loveridge (1935: 41).

Description of Type. No. A.C.124, an adult m.ale, Colo, near Sydney, N.S.W., IS.Ix.1938.

Habitus moderately elongated but a compact little frog, total length of head and

body 24 mm.; head triangular, very slightly longer than broad (7-5 x 7 mm.); snout

moderate (4 mm.), 1-6 times diameter of eye (2-5 mm.), obtusely pointed when seen

from above, rounded in profile, extending slightly beyond lower lip; canthus rostralis

curved horizontally, rounded but distinct; lores rather erect, mildly concave; inter-

orbital width about twice that, of an upper eyelid (3 to 1-5 mm.), top of the head flat

between prominent eye bulges; internasal space 2-5 mm.; diameter of the eye a shade

more than its distance from nostril; tympanum quite distinct although its upper margin

tends to merge with the general surface, nearly vertical, small, contained in diameter

of eye twice (1-25 to 2-5 mm.); supratympanic fold negligible.

Skin smooth above; chin and throat smooth; belly and ventral surfaces of thighs

uniformly and coarsely granulate; otherwise limbs smooth; the very prominent pectoral

fold is the posterior border of the vocal sac; a narrow wide anal flap.

Forelimb robust, with forearm broadened, and fairly long (13 mm.), 54% of length

of head and body; hand 5-5 mm.; finger discs distinct, slightly wider than long, a

little smaller than tympanum (1 to 1-25 mm.); fingers in order of length, 1, 2, 4, 3, the

thumb stands out practically at right angles to the 2nd; there is only a rudiment of

web between the first three fingers, but that between the 3rd and 4th is extensive,

amounting to 44% ; practically no fringing; subarticular tubercles distinct, low, rounded;

palm granular; thumb moderately expanded at base and with a black preaxial nuptial

patch.

Hindlimb fairly robust and long, length (37-5 mm.) 156%, of head and body; femur

11 mm., tibia 11 mm., foot 15-5 mm.; heel reaches to the nostril; toe discs small but

distinct, wider than long, about equal io those of fingers, slightly smaller than tympanum
(1 to 1-25 mm.); toes in order of length, 1, 2, 3 = 5, 4; extent of webbing between

toes, 67, 67, 60 and 78%: practically no fringing; subarticular tubercles very small but
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distinct; sole fairly smooth; inner metatarsal tubercle oval, moderately prominent, outer

low, flattened and well in from margin of foot.

Vomerine elevations absent; choanae roundish and well separated at sides of

mouth; tongue subcircular, free and flattened behind, about half width of mouth at

angle of jaws; a large external subgular vocal sac, plicated, ending at the strong pectoral

fold and with a large opening into the mouth at each side of the tongue.

Dorsal colour bluish in alcohol with faint brownish markings on the limbs; chin and
throat powdered with tiny brown dots; belly and under surfaces of thighs yellowish;

a prominent, wide, ivory-white line from under eye and tympanum to above forelimb,

where it is interrupted, but it again continues to at least half-way along the side.

Specimens examined and Locality Records: 6 (R.4252, A.M.) Warrell Creek,

Nambucca River, N.S.W. (Dene Fry), Nov., 190S; 1 (R.4479, A.M.) Seven Hills, Parra-

matta, N.S.W. (E. C. Ross), May, 1909; 1 (R.4635, A.M.) Nambucca River, N.S.W. (W. R.

Clarke); 2 (R.4636, A.M.) Warrell Creek, Nambucca River, N.S.W. (W. Clarke), Jan.,

1910; 7 (R.4671-2, A.M.) Clyde, near Sydney, N.S.W. (D. B. Fry), Feb., 1910; 1 (R.5083,

A.M.) Richmond River, N.S.W. (R. J. Thorpe), Dec, 1910; 7 (R.5514, A.M.), Brisbane,

Q. (Queensland Mus.) ; 3 (R.5866, A.M.), Brisbane, Q. (McCulloch and Troughton),

Sept., 1912; 1 (R.5921, A.M.) Eidsvold, Q. (T. L. Bancroft), Sept., 1912; 1 (R.6114, A.M.),

Eidsvold, Burnett River, Q. (T. L. Bancroft); 3 (R.6185, A.M.) Gurravembi, near

Macksville, N.S.W. (D. B. Fry), May, 1913; 4 (R.6318, R.6320, A.M.) Gurravembi,

N.S.W. (D. B. Fry and H. E. Smart), Oct., 1913; 2 (R.7975-6, A.M.) Upper Colo, via

Richmond, N.S.W. (Kinghorn, Fletcher and Wright), Oct., 1922; 3 (R.8095, A.M.)

Bulahdelah, N.S.W. (H. L. Kesteven), 18.viii.l923; 2 (R.8856-7, A.M.) Ocean Beach,

Woy Woy, N.S.W. (T. G. Campbell), 7.X.1925; 1 (R.8942, A.M.) Mt. Tambourine, Q.

(G. P. Whitley), Jan., 1926; 3 (R.10534, A.M.) Tuggerah, N.S.W. (R. Evans), Feb., 1932;

1 (R.10574, A.M.) Barolin Stn., Bundaberg, Q. (H. I. Innes); 1 (R.10773, A.M.) Capertee,

N.S.W. (K. C. McKeown), Nov., 1932; 2 (R.12493, A.M.) N.S.W. (I. Mackerras)

;

1 (J.645, Q.M.) Eidsvold, Q.; 1 (J.2772, Q.M.) Kilcoy, Q.; 2 (J.6733-4, Q.M.) Emu Park,

Q.; 1 (J.9527, Q.M.) Brisbane, Q.; 7 (A.C.30-4, A.C.37-8) Kilbride, near Campbelltown,

N.S.W., 22.viii.1938; 1 (A.C.124) Colo, near Sydney, N.S.W., 18.ix.l938; 1 (A.C.164)

Razorback Mt., near Picton, N.S.W., 16.X.1938; 17 (A.C. 238-9, 241-51, 253, 255-7) 10 m. N.

of Raymond Terrace, N.S.W., 27.xii.1938; 1 (A.C.4011) 15 m. W. of Karara, Q., ll.i.1949;

1 (A.C.4251) Failford, near Tuncurry, N.S.W., 14.1.1949; 3 (A.C. 6102-3 and 7410, A.M.)

no data; 2 (M.C.Z.3625-6) Nambucca, N.S.W. (Australian Mus.), 1914, vide Loveridge

(1935: 41); Brisbane, Q.; Blue Mountains, N.S.W.; Port Denison, Q., vide Giinther

1867: 55) ; Maclean on the Lower Clarence, N.S.W. (A. S. Olliff) ; Ulmarra to Chatsworth

on the Lower Clarence (A. Lea); Armidale or Tamworth, N.S.W. (A. Lea), vide

Fletcher (see synonymy).

All 88 specimens in the Australian and Queensland Museums and the author's

collection have been examined.

Variation.—The large series of 88 specimens examined shows remarkably little

variation. Vomerine elevations are always absent. Coloration is typical in all except

for an odd frog which has a few black specks on the dorsum and one of the three

R.6185 which has the throat speckled with black. The ivory stripe is often very wide

and distinct to above the forelimb. In some cases this white stripe does not extend

far back as such but merges into the white of the sides. Occasionally the dorsal blue

of the spirit specimen extends down and forms a wide margin round the lower jaw.

The black line along the canthus rostralis is generally prominent. A raised shield on

the forearm forms a free flap over the wrist. The blue of the forearm spreads onto

the dorsal side of the upper arm, which remains stout. The frogs are normally small,

but a few reach 24 mm. and R.6318 from Gurravembi is by far the largest specimen

seen at 32 mm.
Discussion.—Differences between the typical race and that living to the south-east

were not realized until the Watjulum series of bicolor from the extreme north-west

corner of Australia was compared with N.S.W. individuals. It then became necessary

to find a new name for the frogs for so long regarded as typical Mcolor. This elegant

little frog with its two subspecies stands apart from other Australian Hylids. Fletcher
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(see synonymy) deals mainly with distribution. He notes its discontinuous range, but

says that where it does occur it is common. Glauerti ranges along the coast from

Central Queensland to at least as far as Razorback Mountain, about 50 miles south of

Sydney. Records from Capertee, Armidale or Tamworth, Karara and Eidsvold show

that it may leave the coast a little and form colonies on the tablelands. Krefft (1865:

20) gives some interesting notes on habitat and distribution. He says of the eastern

form "at first sight they look exactly like the young of Hyla aurea. but the absence of

vomerine teeth, and the delicate light green colour upon the back, and pale orange

between the legs, soon determine its true character".

HylxV eucnemis Lonnberg.

Sy7iony)ny: Hyht eucnemis Lonnberg (1900: 579); Loveridge (1935: 40). Hyla

serrata Andersson (1916: 17); Kampen (1923: 24, 32).

Lonnberg's original description (1900: 579) reads: Hyla eucnemis, sp. n. Tongue

broadly heart-shaped, nicked and free behind. Vomerine teeth in two large but confluent

groups, behind the level of the choanae, which are large, but not quite so large as the

patches of vomerine teeth. Head large, about as broad as long. Snout subtriangular,

the tip truncate, longer than the diameter of the orbit; canthus rostralis very distinct,

curved; loreal region concave. Interorbital space broader than the upper eyelid.

Tympanum distinct, about two-thirds the diameter of the eye. A glandular fold

extending from the eye backwards above the tympanum. Three outer fingers extensively

webbed, the membrane reaching the disks of the second and fourth; disks about the

same size as the tympanum; toes entirely webbed; subarticular tubercles well developed.

The hind limb being carried forward, the tibio-tarsal articulation reaches just beyond

the eye. Upper surfaces of body and head very minutely granulate; belly and lower

surfaces of thighs coarsely granulate. Throat covered with scattered warts; a series

of similar warts along the margin of the lower jaw. A well-developed denticulated

fringe along the outer side of the forearm and the outer finger; a similar fringe along

the outer side of the tarsus and the outer toe. Heel with a triangular dermal appendage

;

some smaller dermal flaps near the vent. Colour (in spirit) dark plum above, uniform,

with the exception of some very indistinct cross-bands on the hind legs; light below.

The largest specimen measures 67 millim. from snout to vent.

Two specimens from Sattelberg.

With regard to the great development of the web between the fingers, this species

resembles Hyla gracilenta, Ptrs., but differs from it in so many characteristics that

there can hardly be any close relationship between them.

Description o/ No. R.10919, in the Australian Museum, Mt. Spurgeon, Q., 4000 ft.

(M.C.Z.), May, 1933:

Habitus sturdy hut not thick-set, width of body (26 mm.) 37% of total length of

head and body (70 mm.); head almost semicircular, about as broad as long (26 to

25 mm.); snout moderate (12 mm.), 1-7 times diameter of eye (7 mm.), bluntly pointed

when viewed from above, rounded in profile, nostrils directly above or perhaps a trifle

in front of lower lip; canthus rostralis curved, distinct, slightly rounded; lores distinctly

concave, the groove behind nostrils making them stand out prominently; interorbital

width about one and a half times that of an upper eyelid (8 to 5 mm.), but the top
of the head has been flattened and the demarcation is not very distinct; internasal

space 6-5 mm.; diameter of eye exactly equals its distance from nostril; tympanum
very distinct, directed slightly upward, contained in diameter of eye 1-6 times, distance
from eye 3 mm.; supratympanic fold rounded and low but distinct.

Skin above smooth to minutely granular; sides of head slightly warty; chin and
throat fairly smooth; belly and ventral surface of thighs uniformly granulate; proximal
area of posterior surface of thighs less so; postaxial side of forearm warty with saw-
like fold composed of six or seven large, rounded serrations; postaxial tarsal border
with less prominent fold of large obtuse serrations; a low, indistinct fold across breast;
a very small anal flap.

Forelimb well developed, strong, and fairly long (46 mm.), 66% of length of head
and body; hand 22 mm.; finger discs large, roundish but slightly wider than long, a
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little larger than tympanum (5 to 4-5 mm.); fingers In order of length, 1, 2, 4, 3, 4th
practically equal to Srd; extent of webbing between fingers, 27, 53 and 55%, webbing
to disc of 4th, fringes to discs of other fingers; subarticular tubercles large and
projecting; palm coarsely granulate; large pads at the bases of thumb and 2nd finger;

a large divided outer metacarpal tubercle.

Hindlimb well developed, length (131 mm.) 187% of head and body; femur 37 mm.,
tibia 40 mm., foot 54 mm.; heel reaches beyond snout; toe discs well developed, equal

in size to those of fingers, rounded but a little wider than long, a trifle larger than
tympanum (5 to 4-5 mm.); toes in order of length, 1, 2, 3 = 5, 4; extent of webbing
between toes, 67, 70, 78 and 76%, web to discs of 1st, 2nd and 3rd on postaxial side and
5th on preaxial; fingers fringed where not webbed; subarticular tubercles rounded,

distinct; sole granular, prehallux one-third length of thumb.

Vomerine elevations paired, narrowly separated, strongly developed, subtriangular,

posterior side of each bearing minute teeth and practically transverse, elevations totally

behind line joining centres of choanae and by far greater part behind posterior margins
of choanae, each elevation about the size of one of the large choanae; tongue subcircular,

free and slightly notched behind, very large, filling entire width of mouth between

jaws; no subgular sac.

Dorsal colour bluish-black obscurely and extensively mottled with a rich dark

brown; limbs with obscure dark markings, approaching banding on tibiae; ventral

surfaces of limbs generally light brown; chin and throat brownish caused by a multitude

of tiny dots, and with a few blackish patches at margin of jaw; belly and proximal

parts of thighs yellowish white.

Specimens exammed and Locality Records: 4 (R.10919, R.10921 A-C, A.M.) Mt.

Spurgeon, Q. (Loveridge, M.C.Z., Harvard; collector, P. J. Darlington), 1932; 1 (J.5539,

Q.M.) Mt. Spurgeon, Q.; 1 (R.D.M.794) Kuranda, Q. (Wm. Hosmer), 23.ix.1956; 1 (type

of eucnemis) Sattelberg, New Guinea, vide Lonnberg (1900: 579); 6 (cotypes of serrata)

Carrington, Malanda and Atherton, all Q., vide Andersson (1916: 17); 1 (M.C.Z.18021)

Lankelly Creek, Q.; 1 (M.C.Z.18022) Rocky Scrub, Q.; 6 (M.C.Z.18023-8) Millaa Millaa,

Q.; 22 (M.C.Z. 18029-39) Mt. Spurgeon, Q.

The last 30 specimens were collected by P. J. Darlington in 1932, vide Loveridge

(1935: 40). His first two localities are in the Mcllwraith Range, the third on the

Atherton Tableland.

Yariation.—The five specimens other than R.10919 examined show only slight

variation. The tympanum is always very distinct; the rim may consist of a circle of

tiny warts. The serrated edge of the forearm and tarsus is invariably conspicuous,

the rounded scallops being plainly visible when viewed at right angles even in J.5539,

where the tarsal serrations are low. In R.10921C the snout is sharply pointed. The
outer web of the fingers may reach 64%, and the median sides of the 2nd and 5th toes

are always webbed to the discs. The heel in all cases reaches to well in advance of

the snout. Males may have a black patch on the preaxial side of the thumb. The
vomerine elevations are distinctly but sometimes narrowly separated. In R.10921C

they are much smaller, less prominent in every way and totally behind the choanae.

R.D.M.794 has the tongue noticeably narrower than the mouth and rather deeply notched

behind. The three R.10921 frogs have the bluish-black dorsal colour, but it tends to

be median and encroached upon at the sides by very light brown. J.5539 may be said

to be brown with the blackish as mottling; ventrally it is white with close brown
dotting on the throat and thighs. R.D.M.794 is bluish-black dorsally with a few ill-defined

pale greyish areas; ventrally it is white with a little pale grey on the throat.

Discussion.—Loveridge (1935: 40) with 30 specimens from four North Queensland

localities places Hyla serrata Andersson (1916: 17) in the synonymy of eucnemis. His

largest specimen collected at a height of between three and four thousand feet on

Mt. Spurgeon measured 81 mm. Darlington is quoted as "On the solid stone walls of

a long tunnel made by miners to defiect a stream; a very damp, cool, and dark habitat".

Except for "loreal region high and oblique, not concave" Andersson's description tallies

exactly with that of the specimens I have examined. This single discrepancy, which

only applies to the concavity of the loreal region, is far outweighed by the close
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agretMiient in all other characters. Andersson notes colour variation in his six specimens

collected during the rainy season, and quotes Mjoberg as "the colour changes in a very

high degree in agreement with the haunts of the animals" and one specimen "resembled

completely the branch of the tree on which it was sitting when caught". Andersson

discusses characttM-s which separate his serrata from four other allied New Guinea

species.

Hyla dayi Giinther.

Synonymy and references: Hyla dayi Gunther (1897: 406); Loveridge (1935: 38).

Hyhi tyniiniuocryi)tis Andersson (1916: 19). Hyla kreffUi (non Gunther) Barbour

(1914: 202).

Giinther's original description (1897: 406) reads: 4. Hyla dayi, sp. nov. Tongue

subovate, slightly nicked behind. Vomerine teeth in two transverse series, behind the

level of the choanae. Head much depressed; snout rather longer than the diameter of

the orbit; canthus rostralis distinct, loreal region sloping outwards; interorbital space

broader than the upper eyelid; tympanum distinct, one-fourth the area of the eye.

Fingers strongly webbed, the web extending to the penultimate phalanx of the third

finger; toes fully webbed. Discs of the fingers not quite as large as the tympanum; a

fold along the Inner edge of the tarsus. The distance between vent and snout equals

that between vent and heel. Skin smooth above, granular below; a fold above the

tympanum, none across the chest. Uniform brownish above (in spirit), whitish below.

Distance of snout from vent 52 mm., length of hind-limb 92 mm.
Description of Xo. 793 In the collection of R. D. MacKay, a male, probably not

quite fully grown, Kuranda, North Queensland, l.x.1956 (Wm. Hosmer)

:

A fairly compact frog with moderately long limbs; width of body (11 mm.) 34% of

total length of head and body (82 mm.) ; head subtrlangular, slightly longer than

broad (12-5 to 11 mm.); snout moderate (6 mm.), 1-5 times diameter of eye (4 mm.),

obtusely pointed when seen from above, rounded in profile, extending well beyond

lower lip; canthus rostralis distinct, angular; lores concave, oblique; Interorbital width

slightly gx-eater than that of an upper eyelid (3-5 to 3 mm.), top of the head flat between

the prominent, protruding eye bulges; Internasal space 3 mm.; diameter of the eye

equals its distance from nostril; tympanum very indistinct, being only noticeable in

certain lights, directed slightly upward, contained in diameter of eye 3-2 times (1-25

to 4 mm.), distance from eye 1 mm.; a low supratympanic ridge.

Skin smooth above; chin and throat fairly smooth; belly and part of lower and

posterior surfaces of thighs granular; upper lip and area about tympanum somewhat
granular; a line of eight or nine w^ell-separated small protuberances along postaxlal

side of forearm; limbs otherwise smooth; no pectoral fold; anal flap extremely small.

Forelimb moderately long and strong (20 mm.), 63% of length of head and body;

hand 9 mm.; finger discs distinct but rather small, 1-4 times diameter of tympanum
(1-75 to 1-25 mm.); fingers in order of length, 1, 2, 4, 3; extent of webbing between

fingers, 21, 39 and 24%; fingers not fringed; subarticular tubercles small but distinct;

palm rough with a few large tubercles; thumb not thickened, with a small patch of

about 20 tiny black spines on the preaxial border.

Hindlimb moderately robust and long; length (58 mm.) 181% of head and body;

femur 17 mm., tibia 18 mm., foot 23 mm.; heel reaches to tip of snout; toe discs small

but distinct, about equal in size to tympanum (1-25 mm.) ; toes in order of length,

1, 2, 3, 5, 4; extent of webbing between toes, 73, 83, 88 and 73%; toes except 4th webbed
to discs or nearly so; 4th toe not fringed; subarticular tubercles small and not very

distinct; sole smooth; a large oval tubercle at base of hallux, no outer tubercle.

Vomerine elevations very small, quite distinct, oval, oblique, well separated in

midline and even more widely so from choanae, which are much larger and rounded,

about two-thirds behind a line joining the posterior borders of the choanae; tongue

moderately elongated, grooved and a little warty above, free and slightly indented

behind, about half width of mouth at angle of jaws; a very large external subgular

vocal sac, which when deflated forms two prominent lateral folds and a posterior

one resembling a pectoral fold; the sac has a large opening Into the mouth on each
side of the tongue.

Colour uniform plumbeous above; beneath whitish.
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Specimens examined and Locality Records: 1 (R.D.M.793) Kuranda, Q. (Wm.
Hosmer), l.x.1956; 1 (type of dayi) Bartle Frere Mountains, Q., vide Giinther (1897:

406); 1 (identified as krefftii) 20 m. inland from Cairns, Q., vide Barbour (1914: 202);
1 (type of tymiKinocryptis) Malanda, Q., Feb., 1913, vide Andersson (1916: 19);
1 (M.C.Z.4195) Kuranda, Q. (H. L. Clark), 1913, vide Loveridge (1935: 38).

Discussion.—The only frog examined. No. 793, agrees very well with Giinther's

description (1897: 406). The distance between snout and vent and that between heel

and vent is also approximately equal (32 to 35 mm.), and the length of hindlimb to

body length 181% compared with 177%. The dorsum of 793 is uniform plumbeous
instead of uniform brownish, and the tympanum is contained 3-2 times in the diameter
of the eye instead of 4 times. Both these differences are unimportant. Giinther's

specimen had the tympanum distinct, in 793 it is very indistinct. In this connection
Loveridge (1935: 38) gives good grounds for placing tympanocryptis Andersson (1916:

19) in the synonymy of dayi. Andersson noted that the tympanum was very small and
hardly distinguishable on one side. In 793 the finger discs are larger than the tympanum
instead of not quite as large. Both Giinther's and Andersson's types had the vomerine
elevations behind the choanae. In 793 two-thirds are totally behind the posterior

borders of the choanae, and Loveridge said of his specimen "the vomerine teeth extend
further forward between the choanae than shown in Andersson's figure". The species,

which seems to be quite distinct from any other Australian Hylid, is apparently confined

to the Atherton Tableland and nearby highlands.

Hyla gracilenta Peters.

Synonymy: Hyla gracilenta: Peters (1870: 789); Boulenger (1882: 383); Fletcher

(1891: 263-4; 1892: 12; 1893a: 232; 1894: 526); Garman (1901: 14); Andersson (1916:

15); Chisholm (1929: 335); Loveridge (1935: 37). Pelodryas granulata ?: Peters (1873:

417). Hyla fordii: Giinther 1876: 47). Hyla luteiventris: Ogilby (1907: 31); Loveridge

(1935: 38).

Peters' original description (1870: 789) reads: Vomerzahne auf zwei queren Hockern

zwischen dem hintern Theil der Choanen. Letztere kaum grofser als die Tuben. Zunge

herzformig, hinten flach eingebuchtet. Aufserer Mundwinkel unter der Mitte des

Trommelfells. Augen mit horizontaler Pupille, um ihren doppelten Durchmesser von

einander und um einen von den Nasenoffnungen entfernt. Die Nasenlocher liegen

seitlich, ganz nahe dem Ende der abgestutzten Schnauze, einander ein wenig naher als

den Augen. Die Ziigelgegend ist abschiissig. Trommelfell kaum halb so grofs wie das

Auge, oval. Der Kopf erscheint sehr abgeplattet und ist so breit wie lang. Die ganze

Oberseite des Thiers, einschliefslich der seitlichen Theile der Unterlippe, die Aufsenseits

des Vorderarms bis zum vierten Finger, die Aufsenseite des Unterschenkels bis zur

Spitze der 5. Zehe sind feiner, die Bauchseite und die Unterseite der Oberschenkel

grober granulirt, wahrend der iibrige Theil der Gliedmafsen glatt ist. Der Oberarm

erscheint auffallend diinn. Der erste und zweite Finger sind zur Halfte, die drei

iibrigen iiber zwei Drittel durch Schwimmhaute mit einander verbunden und die

Haftscheiben derselben sind grofs. Die Schwimmhaute der hinteren Extremitiit sind

fast vollstandig und gehen bis an die Basis des vorletzten Gliedes der vierten Zehe.

Die ganz Oberseite bis zum seitlichen Unterkieferrande, mit Einschlufs des Trommel-

fells, und die granulirten Theile der Extremitaten sind dunkelblau, die Oberseite des

Oberschenkels ist rosenroth und die Korperseiten, die ganze Unterseite, so wie der

iibrige Theil der Gliedmafsen sind gelblichweifs. Iris am Rande goldglanzend.

Totallange .. o",b38; Kopflange .. o',014; Augendurchmesser .. o",b035; Augendistanz ..

0',b07; Vord. Extr. .. oT021; Hand .. o',b08; Hind. Bxtr. .. oTo57; Fufs .. o"b25. Diese

schone Art stammt aus Port Mackay (Nordost-Australien) ; durch Hrn. Godeffroy.

Description of No. A.C.5357, a male, probably adult, 8 m. S.E. of Calliope, Gladstone

district, Queensland, 12.1.1955:

Habitus moderately slender, width of body (15 mm.) 38% of total length of head

and body (39 mm.); head subtrlangular, very little broader than long (14 x 12 mm.);
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snout short (ir^i iiiiii.). about 11 limes diameter of eye (4 mm.), rather truncate when
seen from above, almost vertical in profile, extending hardly at all beyond lower lip;

cauthus rostralis straight and angular; lores flat, sloping up and inwards evenly from

jaw to canthus rostralis; interorbital width about 1-8 times that of an upper eyelid

(5 to 2-75 mm.), top of head shallowly concave but eye bulges moderately distinct;

internasal space 3-5 mm.; diameter of eye equals its distance from nostril; tympanum
distinct although shallow and its surface much as surrounding granulated skin, directed

slightly upward, contained in diameter of eye about once and a half (2-75 to 4 mm.),
distance from eye 1-25 mm.; an indistinct, short, low supratympanic ridge.

Skin of body and head and all exposed dorsal surfaces of limbs finely and uniformly

granulate, ventral surface of body from gular region and underside of thighs more
coarsely granular; concealed upper surfaces of upper ai"m and thigh and ventral surfaces

of limbs except for thighs smooth, chin and throat fairly smooth except for small

posterior area along margin of lower jaw, which is as dorsal surface; no fold across

breast; a wide, thin anal flap.

Forelimb moderately strong and long (24 mm.), 62% of length of head and body;

upper arm thinner than forearm, which is widened and thickened, plaque-like; hand
10 mm.; finger discs rather small, rounded, a little smaller than tympanum (2 to

2-75 mm.); fingers in order of length, 1, 2, 4, 3; extent of webbing between fingers,

64, 67 and 74%; web to disc of 4th; fingers narrowly fringed to discs; subarticular
tubercles small and rather indistinct; palmar area shallowly divided.

Hindlimb long and slender, length (67 mm.) 172% of head and body; femur 21 mm.,
tibia 20 mm., foot 26 mm.; heel reaches beyond tip of snout; toe discs small but
distinct, slightly longer than wide, smaller than tympanum (1-75 to 2-75 mm.); toes
in order of length, 1, 2, 3 = 5, 4; extent of webbing between toes, 65, 83, 75 and 82%;
2nd and 3rd toes and the 1st practically webbed to disc on outer sides and 5th webbed
to disc on inner; narrow fringes to toes; subarticular tubercles distinct but small;
smooth surface of sole divided longitudinally; no metatarsal tubercles.

Vomerine elevations paired, small, oval and oblique, well separated from each other
and from choanae, which they equal in size, practically contained between choanae
though extending a little behind line joining posterior margins of choanae; tongue
roundish, deeply nicked and free behind, large, about 60% of width of mouth at angle
of jaws; large subgular vocal sac with a large opening into the mouth at each side
of the tongue.

Dorsal surface of body and all exposed surfaces of limbs including outermost toes
and fingers bluish in alcohol; ventral surfaces white with a trace of yellow; these
include whole of upper arm which is concealed when the frog is at rest; practically
the whole of upper surface of thigh is a rich plum, maroon or even purplish colour;
a white line on canthus rostralis, outer border of eyelid and above tympanum is so
faint as to be visible only in certain lights at certain angles; a distinct white line
along outer edge of forearm, tibia and tarsus.

Specime7is examined and Locality Records: 2 (R.2597, R.2637, A.M.) Crow's Nest, Q.
(H. J. McCooey), 1900; 1 (R.3964, A.M.) Cooktown, Q. (E. A. Olive), Mar., 1908;
1 (R.4379, A.M.) Brisbane, Q. (A. R. McCulloch), Feb., 1909; 1 (R.5015, A.M.) Brisbane,
Q. (Lamb), Dec, 1910; 1 (R.5251, A.M.) Brisbane, Q.; 1 (R.5513, A.M.) Q.; 1 (R.6186,
A.M.) Gurravembi, Nambucca River, N.S.W. (D. B. Fry), May, 1913; 15 (R.6309-17,
A.M.) Gurravembi, N.S.W. (D. B. Fry and H. E. Smart), Oct., 1913; 1 (R.6656, A.M.)'
Herbert River, Q. (T. Steel), 14.X.1914; 1 (R.6953, A.M.) Isis Scrub, Q. (T. Steel),
Sept., 1916; 3 (R.12492, A.M.) no data; 3 (R.13253, A.M.) Far North Coast, N.S.W.
(J. C. Wiburd), 17.viii.l947; 1 (D.3275, N.M.) Australia; 2 (J.9528-9, Q.M.) Cardwell, Q.;
2 (A.C.5357, A.C.5378) S m. S.E. of Calliope, Q., 12.i.l955; 1 (M.C.Z.2318) Cooktown, Q.
(E. A. C. Olive), 1896; 2 (M.C.Z.2762) Mossman, Q. (J. C. Kershaw), 1912; 1
(M.C.Z.18001) Lankelly Creek, N.E. of Coen, Q. (P. J. Darlington), 1932; 1 (MCZ 18487)
Lake Barrine. Q. (W. E. Schevill), 1932: last four entries vide Loveridge (1935" 38)-
Rockhampton, Q., types of H. fordii, vide Boulenger (1882: 383); Dunoon and Grafton
both N.S.W., and Cairns, Q., vide Fletcher (1891: 263); Port Mackay, Q., type locality of
gracilenta, vide Peters (1870: 7.89); Cooktown, Q. (Olive), vide Garman (1901- 14)-
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Brisbane, Q., type locality of luteiventris, vide Ogilby (1907: 31); Malanda, Carriugton
and Atherton, all Q., vide Andersson (1916: 15); Comboyne Plateau, N.S.W., vide
Chisholm (1929: 335).

Variation.—This little frog is quite distinctive and shows little variation in the

sum of its characteristics. The snout to eye ratio is practically constant at 1-4. The
tympanum is nearly always covered with the blue, granular skin of the surrounding
surface, but is invariably definable because it is slightly sunken. In many cases, as

R.13253 (three young males) and the Cardwell and Calliope frogs it would be invisible

but for this. The tympanum is contained in the eye from 1-5 to 1-8 times. Sometimes,

as in R.5015, the top of the head is practically flat with hardly any trace of the eye

bulges. Extremes are rare, but the interorbital width to that of the upper eyelid

varies from little more than once to nearly twice. Webbing of fingers and toes is

reasonably constant, but in all Gurravembi, the Cooktown and two Brisbane frogs the

web does not approach the disc of the 1st toe and generally not that of the 2nd.

Finger discs in all are smaller than the tympanum, except in J.9529, where they are

equal. Length of the forelimb to that of head and body is very constant, between

60 and 63%; the ratio of the hindlimbs varies between 166 and 177%. The vomerine
elevations show remarkably little variation, all being contained between the choanae

or almost so; except R.6309, about half of which is behind the line joining the posterior

margins of the choanae, and R.2637, which is abnormal in lacking vomerine elevations

although another frog collected with it is normal. In all the arm is thin, emaciated

in appearance, totally white without trace of the bluish dorsal colour. There is always

a large, granular, dorsal, thickened shield over the forearm. It is coloured as the

dorsal surface of the body and has an olecranon projection. The dorsal colour is

bluish, but a few specimens retain a greenish tinge. R.6186 is quite green

although collected more than forty years ago. An occasional frog is exceptionally

granular dorsally. J.9529, but not the specimen collected with it, has scattered

large warts high on the sides and on the shield of forearm. R.6656 is unique in

having the back laterally and the sides liberally sprinkled with small white wart^.

Specimens may be either immaculate white or various shades of yellow ventrally, very

rarely greyish. An extension of the blue, granular dorsal surface to the lower margin

of the bottom jaw posteriorly is characteristic. Every specimen has purple on the

thighs, except one or two old and bleached specimens. The typical dorsal blue surface

does not extend to the thighs. The white line along the canthus rostralis, outer border

of upper eyelid and above the tympanum is never very distinct, being often only

visible in certain lights. The line occurs in about half the specimens. Its presence

or absence seems to occur quite haphazardly and shows no geographical control.

Discussion.—Peters' type specimen (1870: 789) falls wholly within the range of the

frogs I have examined. He notes the diagnostic small granular area on the lower

lip, the conspicuously lean upper arm, the rosenroth dorsal surface of the thighs, and

the yellowish-white underside. He says that the tympanum is hardly half as large as

the eye, but in the series examined the tympanum is contained in the eye diameter from

1-5 to 1-8 times. Hyla luteiventris Ogilby (1907: 31), as noted by Loveridge (1935: 38),

is undoubtedly a synonym of gracilenta. Ogilby in his key uses length of snout and

hindlimb to heel, distinctness of tympanum^ and orange lower surfaces to differentiate

his species, but these all fall within the range of gracilenta. He includes the width of

the eye bulges in his interorbital width, which he gives as 21 times the eye diameter.

Ogilby says himself that he considered "all the requirements of the case would be

amply met" if luteiventris vp-as looked upon as a variety of gracilenta. He also includes

chloris as a subspecies. Reasons against this are noted when that species is discussed.

R.4379 marked as a cotype of luteiventris in the Australian Museum is undoubtedly

gracilenta. The specimen has no trace of white lines. Ogilby's frog had a greenish-

yellow band from the nostril under the eye to the tympanum, a spot of the same colour

on the occiput and a streak along the canthus rostralis to tympanum. The orange-

coloured venter which gave the name to his specimen lies between the immaculate

white and orange of gracilenta. Peters remarked that his species was gelblichweiss.

Carman's specimen from Cooktown (1901: 14) and Andersson's five from the Atherton
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Tableland (i!)iG: 15) were wilhoul while linc's on the head. Three of Andersson's

specimens were very large (54, 56 and 57 mm.). Chisholm (1929: 335) notes that

firacilenta is "occasionally seen" on the Comboyne Plateau. This is the most southerly

record of which I am aware. The frog is fairly common northwards along the coastal

strip at least as far as Lankelly Creek, near Coen, well up on Cape York peninsula.

IJoulenger's specimens (1882: 383) had the white line on the head, which is present in

about half the specimens examined, upper surfaces of thighs purple and largest specimen

a 40 mm. male. Nieden (1923: 231) follows his account closely. Loveridge (1935: 37)

gives the only discussion on (irucilenta of which I know. His five specimens also lack

a white streak. Loveridge includes a note by W. E. Schevill on a living frog from

Lake Barrine that the dorsal surfaces were bright green and the ventral bright yellow

—

a little paler on the belly and throat. Fletcher (see synonymy) had a number of

specimens without the white line from Dunoon on the Richmond River. He records

a note by the collector Helms that "this species may almost be called arboreal", and

describes colour in life, ecological and distributional notes, and relationship to chloris.

Hyla chlokis Boulenger.

S}/nonymy: Hyla gracilenta (non Peters): Fletcher (part) (1891: 263-4). Hyla

chloris: Boulenger (1893: 403); Fletcher (1894: 524-6, 530); Nieden (1923: 232);

Loveridge (1935: 38).

Boulenger's original description (1893: 403) reads: Tongue subcircular, slightly

nicked and free behind. Vomerine teeth in two small groups between the choanae.

Head broader than long; snout rounded, shorter than the diameter of the orbit; canthus

rostralis obtuse; loreal region very oblique, slightly concave; nostril nearer the tip of

the snout than to the eye; inter-orbital space broader than the upper eyelid; tympanum
very distinct, three-fifths the diameter of the eye. Three outer fingers extensively

webbed, the membrane reaching the disks of the second and fourth; no distinct rudiment

of pollex; toes nearly entirely webbed; disks of fingers as large as the tympanum;
subarticular tubercles moderate. Tibio-tarsal articulation reaching the tip of the snout.

Upper parts finely granulate; belly and lower surface of thighs coarsely granulate;

a strong fold across the chest. Green above; upper arm and throat yellow; sides of

thighs purple; beneath uniform white. Male with an external gular vocal sac. From
snout to vent 63 millim. A single specimen, from Dunoon, Richmond River, collected

by Mr. R. Helms, was submitted to me by Mr. J. J. Fletcher. It is closely allied to

H. gracilenta, Peters, but differs in the larger size, the larger eye, the obtuse canthus

rostralis and oblique loreal region, the very distinct tympanum, the skin of which is

free from granulations, and the absence of a white streak along the limbs and round
the upper surface of the head. This frog was referred to H. gracilenta by Mr. Fletcher

(P.L.S.N.S.W. (2), vi.l891, p. 263).

Description of R.12743, in the Australian Museum, an adult male, Lowana, N.S.W.,

collected by Mel Ward, 17.xii.l943:

Habitus moderately elongated with a rather broad head; total length of head and

body 65 mm.: head subtriangular, as long as broad (21 mm.); snout short (9 mm.),
1-4 times diameter of eye (6-5 mm.), slightly truncate when viewed from above, slightly

rounded but almost vertical in profile, extending very little beyond lower lip; canthus

rostralis rounded; lores very shallowly concave, sloping obliquely upwards and inwards;

interorbital space twice that of an upper eyelid (8 to 4 mm.), top of the head flattish

with moderately prominent eye bulges; internasal space 4-75 mm.; diameter of the eye

distinctly more than its distance from nostril; tympanum quite distinct, nearly smooth
and flat with only a trace of granulation, almost vertical, contained in diameter of

eye 1-6 times (4 to 6-5 mm.), very close to eye; supratympanic fold distinct but not
projecting far.

Skin above and at sides of head granular, including limbs and a narrow strip on the

dorsal surface of each thigh; sides of body granulate but nearly smoothed; chin and
throat including external vocal sac and forearms rather coarsely granulate; body and
thighs ventrally more coarsely so; tibia and tarsus nearly smooth ventrally; pectoral
fold slight; a fold dorsally across^ wrist; a thin, wide anal flap.
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Forelimb strong and moderately long (40 mm.), 62% of length of head and body;
hand 18 mm.; forearm thick-set and widened, with a postaxlal serrated ridge which
extends along the 4th finger; arm much smaller; finger discs well developed, slightly
widened, equal to tympanum (4 mm.); fingers in order of length, 1, 2, 4, 3; extent of
webbing between fingers, 56, 70 and 75%; web reaches discs of 2nd and 4th' fingers on
their median side; rather wide fringes; subarticular tubercles moderately distinct;
palm granular; thumb with a pad basally and a black preaxial and dorsal nuptial shield.

Hindlimb long and strong, length (108 mm.) 166%o of head and body; femur 34 mm.,
tibia 31 mm., foot 43 mm.; heel reaches to tip of snout; toe discs well developed!
rounded, a little smaller than tympanum (3-5 to 4 mm.); toes in order of length,
1, 2, 3 = 5, 4; extent of webbing between toes, 75, 75, 90 and d2%; highly granular
web to all discs on median side except 4th; wide fringes, that of 5th the continuation
of a pronounced tarsal fold; subarticular tubercles low and rounded; sole divided and
granular, smooth proximally; a flattened inner metatarsal tubercle, no outer one.

Vomerine elevations paired, fairly prominent, narrowly separated from each other
and widely from the much larger choanae, transverse not oblique, totally contained
between choanae; tongue oval, free and feebly indented behind, only about half width
of mouth; a large external vocal sac with a slit-shaped opening into the mouth at each
side of the tongue.

Dorsal colour, including exposed surfaces of limbs, greenish-blue; dorsal surface
of thigh much the same, purplish on sides; arm above quite white; the dorsal blue
extends as a narrow margin almost completely around the bottom of the lower jaw;
ventral surfaces pale yellow; no trace of white on head; serrated ridge of forearm white.

Specimens examined and Locality Records: 1 (R.5846, A.M.) Wollongbar, Richmond
River, N.S.W. (Dept. of Microbiology), Aug., 1912; 1 (R.7339, A.M.) Goangara, near
Walgett, N.S.W. (J. J. Fletcher), Nov., 1921; 8 (R.7484-7491, A.M.) Dunoon, Richmond
River, N.S.W. (J. J. Fletcher), Feb., 1922; 1 (R.9902, A.M.) Gosford, N.S.W. (A. F.

D'Ombrain), May, 1929; 2 (R.12635-6, A.M.) Lowana, North Coast, N.S.W. (Mel Ward),
11. i.1943; 1 (R.12743, A.M.) Lowana (Mel Ward), 17.xii.l943; Maclean (A. S. Olliff)

and Ulmarra to Chatsworth (A. Lea), all localities on the lower Clarence River, N.S.W.,

vide Fletcher (1894: 524-5).

All 14 Australian Museum specimens have been examined. The Dunoon specimens

are topotypes.

Variation.—The tympanum is always minutely granular but the general effect gives

the impression of smoothness and the tympanum is invariably very distinct. The head

and body of all frogs are granular dorsal ly. The dorsal surface of the thighs is nearly

always smooth, and the narrow, dorsal, granular strip, when present, is confined to the

ends, except in R.12636 and R.12743, where it is distinct for the whole length. R.5846

is shagreened dorsally. Although seldom prominent, the serrated ridge of the forearm

is constantly present and picked out in white. In R.5846 it is more or less continuous.

The ratio of the length of the forelimb to that of head and body is very constant;

eight of 14 frogs lie within 1% of the average of 66%, the extremes being 60 and 69%.
Webbing reaches the discs of the 2nd and 4th fingers on the median side, or practically

so, but is distinctly separated from the other discs in seven of 14 frogs examined. It

reaches that of the 4th only in four cases, while in three it is well separated from all

discs. Percentage of webbing between the 2nd and 3rd fingers varies between 60 and 70%.

Finger discs may be larger than, smaller than, or equal in size to the tympanum in

about equal proportions. The length of the hindlimb to that of head and body varies

between 160 and 183%, with an average of 174%. The heel reaches exactly to the tip

of the snout in three specimens, slightly beyond in 10, and a trifle short in one.

Percentage of webbing between the 3rd and 4th toes varies considerably between

75 and 90%c. Excluding the 4th the web reaches to the discs of all toes, except to

that of the 1st in four cases. The largest toe disc equalled the tympanum in size twice

and was smaller in the rest. The vomerine elevations of 10 frogs agree very well with

those of R.12743. There is a tendency for them to become slightly oblique and to be

well separated; this is particularly, well shown in R.5846 and R.74S8. R.7487 has them

joined to form one transverse series. Most specimens have practically immaculate
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yellow or white upper arms, but two or three of the eight Dunoon frogs as well as

R.7339 and R.12636 have a trace of blue on its dorsal surface. The colour above is

nearly always bluish with little or no suggestion of green, except R.5846, which is

quite green. The dorsal surface of the thighs is much as the dorsum in 10 cases,

purplish in four. The largest specimen measured 65 mm. from snout to vent, three

were over 60 mm., and the average was 57 mm. Of 14 frogs examined, 11 were males.

Discission.—Boulenger as usual (1893: 403) went straight to the point by charac-

terizing his species inter alia by its larger size, distinct tympanum and uniform head

colour. He notes that Fletcher (1S91: 263) referred the frog to gracilenta. Although

Fletcher sent the single specimen described to Boulenger, he was in doubt about the

species and wrote (1894: 526) regarding gracilenta and chloris: "I am disposed to

regard them as referable to one and the same species." The limited number of

specimens examined indicates that chloris is a very homogeneous species. Only the

Wollongbar frog differs in its unusual granulation and conspicuous green colour.

Chloris appears to be almost confined to the narrow coastal strip from about Gosford

to the Queensland border. I am practically certain that the frog from near Walgett

has been correctly identified, and if so the species must extend to the highlands and

have been carried down at least one of the western streams—the Namoi River, which

runs from about Bendemeer through Walgett.

Hyla caebulea cAEEULEiA (Shaw).

Synonymy and references: Rana caerulea: Shaw in White (1790: appendix, 248)

(1802: 113); Daudin (1803: 70), Merrem (1820: 174). Rana Austrasiae: Schneider

(1799: 150). Rana coerulea: Daudin (1803: 70). Hyla cyanea: Daudin (1803: 43);

Fitzinger (1826: 64); Tschudi (1838: 73); Schlegel (— : 26); (part) Dumeril and

Bibron (1841: 577); Cope (— : 204). Calamita cyanea: Fitzinger (1826: 64). Calamites

caerulea: Wagler (1830: 200). Hyla caerulea: Gray (1842: 56); Glinther (1863: 249);

Boulenger (1882: 383; 1912: 211); Fischer (1883: 21, 55); Fletcher (1889: 365, 368-371,

381, 385; 1890: 669-675; 1891: 264-5, 272; 1892: 12; 1894: 524, 526, 528-530; 1898: 669,

682); Garman (1901: 14); Lucas and Le Souef (1909: 292); Fry (1912: 100; 1914:

209); Barbour (1914: 201); Andersson (1916: 15); Nieden (1923: 223); Kampen
(1923: 27, 56, 58, 60); Chisholm (1925: 62); Lankes (1928: 6); Noble (1931: 409);

Loveridge (1935: 39; 1948: 404; 1949: 214); Mitchell (1955: 404). Hyla (Calamites)

cyaneus: Fitzinger (1843: 30). Pelodryas caeruleus: (part) Giinther (1858: 119; 1863:

249-250; 1867: 57); Krefft (1864: 390; 1865: 16-20; 1866: 33). Calamites cyaneus:

Fitzinger (1860: 413); (part) Steindachner (1867: 66); Parker (1868: 76). Pelodryas

coeruleus: Giinther (1863: 250); Keferstein (1868&: 288). Calamites cyanea: Cope

(1867: 201, 204). Hyla coerulea s. cyanea: Gadow (1901: 198).

I am indebted for part of the synonymy to Keferstein, Boulenger and Nieden.

Shaw's original description (1790: 248) reads: The Blue Frog. Rana Caerulea.

Rana caerulea, subtus griseo-punctata, pedibus tetradactylis, posterioribus palmatis.

Magnitudo Ranae temporariae. Blue Frog, speckled beneath with greyish; the feet

divided into four toes; the hind-feet webbed. Size of the common Frog.

Description of a topotype, No. A.C.5Jf47, an adult male. Curl Curl, Sydney, N.S.W.,

16.ii.l955:

Habitus rather stout and squat; total length (90 mm.); head squarish, somewhat
broader than long (32 to 27 mm.); snout short (12 mm.), one and a half times diameter

of eye (8 mm.), truncate when viewed from above, slightly rounded but almost

vertical in profile, extending very little beyond lip; canthus rostralis short, rounded,

and rather indistinct; lores distinctly concave horizontally, sloping upwards obliquely

and inwards from jaw to canthus rostralis; interorbital width greater than the width

of an upper eyelid (9 to 7-5 mm.), the top of the head is only shallowly concave and
the eye bulges are not very distinct; internasal space 7-5 mm.; diameter of the eye

equals its distance from nostril; tympanum very distinct, directed slightly upward,

contained in diameter of eye 1-3 times (6 to 8 mm.), distance from eye 4 mm.; a

well-defined supratympanic fold extending to just behind shoulder.
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Skin thick and smooth above, with many distinct pores on the head and body back
to about the level of the shoulders; chin and throat granular but fairly smooth; abdomen
and ventral surfaces of thighs uniformly and coarsely granulate; forearm, leg and
most of foot quite smooth; fold across breast; a very small anal flap.

Forelimb short (36 mm.) and strong, 40'% of length of head and body; hand 22 mm.;
finger discs well developed, slightly wider than long, a very little larger than tympanum
(6-5 to 6 mm.); fingers in order of length, 1, 2, 4, 3; extent of webbing between fingers,

35, 38, and 48%; subarticular tubercles large and rounded; palmar area coarsely divided;

thumb with large pad and black roughening on inner and dorsal edge.

Hindlimb moderately strong, length (134 mm.) 149% of head and body; femur
40 mm., tibia 40 mm., foot 54 mm.; heel reaches to centre of tympanum; toe discs well

developed, slightly wider than long, a little smaller than tympanum (5-5 to 6 mm.);
toes in order of length, 1, 2, 3 = 5, 4; extent of webbing between toes, 52, 48, 61 and 63%;
all toes with fringes to discs; subarticular tubercles large, elongated and rounded;

numerous flattened supernumerary tubercles on sole, which is deeply divided longi-

tudinally; slight fold along inner side of tarsus; inner metatarsal tubercle large, distal

end somewhat free; no outer tubercle.

Vomerine elevations paired, contiguous or just separated, heavy, oblique, triangular,

posterior sides of elevations in a straight line well behind the level of the choanae

and each bearing about six very small rounded teeth, anterior lateral angle at level

of midline of choanae, width of each elevation equal to that of one of the choanae,

which are large, choanae barely separated from elevations; tongue large, almost quite

circular, free behind, slightly indented before and behind, half width of mouth at

angle of jaws; large, subgular vocal sac with a prominent opening into the mouth at

each side of the tongue.

Dorsal colour dark bluish in alcohol, yellowish-white below; about half a dozen

white spots 0-5 mm. across irregularly scattered on each side.

Specimens examined and Locality Records: 1 (A.C.189) near Yarramalong, N.S.W.,

23.X.1938; 1 (A.C. 1364) 1 ra. N. of Fitzroy Falls, N.S.W., 8.X.1941; 1 (A.C.3760) Horton's

Creek, N.S.W., 3.i.l948; 1 (A.C.3858) 7 m. W. of Grafton, N.S.W., 6.1.1948; 1 (A.C.3882)

Nettle Creek, 12 m. from Copmanhurst, N.S.W., 7.i.l948; 1 (A.C.4015) Karara, Q.,

ll.i.1948; 1 (A.C.4115) Sydney, N.S.W., 30.iv.l948; 18 (A.C.4178, 4198-4200, 4203-4212,

4222-5) Failford, near Tuncurry, N.S.W., 21.xii.l948-9.i.l949; 1 (A.C.4727) 5 m. S. of

West Wyalong, N.S.W., ll.vi.l951; 1 (A.C.4800) Glenelg, N.S.W., 10.vi.l951; 1 (A.C.4939)

Bollon, Q., lO.i.1953; 1 (A.C.5039) Nambucca Heads, N.S.W., 15.vi.l948; 10 (A.C.5128-

5137) 1 m. N. of Jandowae, Q., 30.xii.l954; 3 (A.C.5154-6) 1 m. N. of Winderah, Q.,

I.i.l955; 1 (A.C.5212) 34 m. W. of Eidsvold, Q., 5.i.l955; 1 (A.C.5216) 11 m. N. of Moura,

Q., 6. i.1955; 2 (A.C.5244-5) 1 m. N. of Baralaba, Q.; 7.i.l955; 1 (A.C.5298) 23 m. S. of

Wowan, Q., ll.i.1955; 2 (A.C.o355-6) 8 m. S.E. of Calliope, Q., 12.1.1955; 1 (A.C. 5447)

Curl Curl, Sydney, N.S.W., 16.ii.l955; 1 (R.223, A.M.) 22 m. inland from Cairns, Q.

(Cairn and Grant), Jan., 1888; 1 (R.1232, A.M.) N.S.W. (Smart), 22.ix.1892; 1 (R.1899,

A.M.) Waverley, Sydney, N.S.W. (J. Brazier), Dec, 1895; 1 (R.2826, A.M.) Smithfield,

near Sydney, N.S.W. (J. Stein); 1 (R.3538, A.M.) Mapoon, Gulf of Carpentaria, Q.

(C. Hedley), July, 1903; 3 (R.3833, R.4289-90, A.M.) Parramatta, N.S.W. (A. R.

McCulloch), 1909; 6 (R.4292-4, R.5243-5, A.M.) Darling River floods (R. Helms), May-

June, 1890; 1 (R.4320, A.M.) Gladstone, Q. (A. R. McCulloch), 22.1.1909; 6 (R.4520-4,

R.5355, A.M.) Murray Id., Torres Strait (Hedley and McCulloch), June, 1909, and
Aug., 1911; 1 (R.4614, A.M.) New Guinea (Geog. Soc. Exped.), 1885; 1 (R.5088, A.M.)

Randwick, Sydney, N.S.W. (W. W. Thorpe); 1 (R.5092, A.M.) Bondi, N.S.W. (J. Blair),

Jan., 1911; 1 (R.5177, A.M.) Sans Souci, Sydney, N.S.W. (J. H. Wright); 1 (R.5437,

A.M.) Lismore, Richmond River, N.S.W. (R. J. Thorpe), Dec, 1911; 4 (R.6115, R.6328-30,

A.M.) Eidsvold, Burnett River, Q. (T. L. Bancroft), 1913; 3 (R.6522-4, A.M.) Sylvania,

Q. (F. L. Berney), Dec, 1913; 2 (R.6648-9, A.M.) Herbert River, Q. (T. Steel), 14.iv.l914;

3 (R.7336-8, A.M.) Goangra, near Walgett, N.S.W. (J. J. Fletcher), Nov., 1921; 1 (R.7356,

A.M.) Narrabri, N.S.W. (J. J. Fletcher), Nov., 1921; 3 (R.7407, A.M.) Bearbong,

Mundooran, N.S.W. (J. J. Fletcher), Nov., 1921; 1 (R.7464, A.M.) Dunoon, Richmond
River, N.S.W. (J. J. Fletcher), Feb., 1922; 1 (R.7508, A.M.) Inverell, N.S.W. (J. J.
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Fletcher), Feb., 1922; 1 (R.7930, A.M.) Moa Id., Torres Strait (W. McClennan), Sept.,

1922; 2 (R.7972-3, A.M.) Upper Colo, N.S.W. (Kinghorn, Fletcher and Wright), Oct.,

1922; 1 (R.8088, A.M.) Bulahdelah, N.S.W. (H. L. Kesteven), Oct., 1923; 1 (R.8243, A.M.)

Darwin, N.T. (W. E. J. Paradice) 1923; 2 (R. 9428-9, A.M.) Wentworthville, near Sydney,

N.S.W., Jan., 1928; 1 (R.9621, A.M.) Almaden, Q. (W. J. Campbell), 14.xi.l928; 6 (R.9658-

63, A.M.) Thursday Id., Torres Strait (Mel. Ward), 14.xi.l948; 1 (R.9680, A.M.) Murray

Id., Torres Strait (Mel. Ward), 16. xi.1929; 3 (R.9721-3, A.M.) Groote Eylandt, N.T.

(H. E. Warren), lO.i.1929; 4 (R. 9954, A.M.) Bushman Range, Dorrigo, N.S.W. (W.

Heron), 5.vii.l929; 2 (R.10193, R.11021, A.M.) Groote Eylandt, N.T. (H. E. Warren and

H. L. Ferryman); 1 (R.11053, A.M.) Moree, N.S.W. (J. R. Kinghorn), 1933; 1 (R.11070,

A.M.) Wyong, N.S.W. (J. H. Wright), Dec, 1933; 1 (R.11154, A.M.) Tyalgum, Tweed

River, N.S.W. (J. Marshall), 1934; 3 (R.11161, R.11361, R.11706, A.M.) Lindeman Id.,

Q. (Mel. Ward); 1 (R.11319, A.M.) Almaden, Q. (W. D. Campbell), Aug., 1934;

4 (R.11593-4, A.M.) Pilliga, N.S.W. (S. Benney), 1935; 1 (R.11781, A.M.) The Plains,

Nyngan, N.S.W. (D. Wass), 1936; 3 (R.12401-3, A.M.) Yirrikala, Caledon Bay, N.T.

(C. W. Chaseling), 23.viii.1939; 1 (R.12900, A.M.) Darwin area, N.T. (T. R. Tovell),

23.iii.1945; 2 (R.13125-6, A.M.) Tenterfield, N.S.W., Dec, 1946; 1 (R.13628, A.M.) Groote

Eylandt, N.T. (J. E. Bray); 1 (R.13645, A.M.) Cape Arnhem, N.T. (J. E. Bray);

1 (R.14S02, A.M.) Bowen, Q. (S. J. Kellner), Jan., 1956; 1 (A.4909, A.M.) Port Darwin,

N.T. (A. Morton), 1879; 1 (7069, A.M.) Port Denison, Q. (W. Macleay) ; 1 (7073, A.M.)

Sydney, N.S.W., (G. Krefft) ; 1 (7074, A.M.) Ash Island, N.S.W. (H. Scott); 1 (7077,

A.M.) Rockhampton, Q. (T. Nobbs) ; 2 (7060, 7394, A.M.) no data; 1 (D. 7086, N.M.)

Brisbane, Q.; 1 (D.8116, N.M.) Cairns, Q.; 8 (D.8715-22, N.M.) St. George, Q.; 2 (J. 400,

J.4035, Q.M.) Brisbane, Q.; 2 (J.1854-5, Q.M.) Darnley Id., Torres Strait; 1 (J.1910,

Q.M.) Dunk Id., Q.; 2 (J.5278, J.5280, Q.M.) Palm Id., Q.; 2 (J.6073, J.6085, Q.M.)

Capella, Q.; 2 (R.3823, S.M.) Shoal Bay, Rockhampton, Q. (J. Baldwin), 14.vi.l956;

Port Essington, N.T., Moreton Bay, Q., Nicol Bay, W.A., Sydney, N.S.W., vide Giinther

(1867: 57); Port Bowen and Townsville, Q., vide Garman (1914: 14); Carrington, Q.,

vide Andersson (1916: 15); Comboyne Plateau, N.S.W., vide Chisholm (1925: 62);

Sydney, N.S.W., Mer Island, Torres Strait, Darwin, N.T., Port Bowen, Brisbane;

Townsville, Burnett River, MacPherson Range, Coen, and Towri Stn., near Richmond,
last seven localities Q., vide Loveridge (1935: 39); Napier, Broome Bay, W.A., vide Fry
(1914: 209); 4 (M.C.Z.25992-3) Berrima, N.T., vide Loveridge (1949: 214); 1

(U.S.N.M.128267) Uumba Kumba, Groote Eylandt, N.T., vide Mitchell (1955: 404);

1 (U.S.N.M.128530) Yirrkalla, N.T., vide Mitchell (1955: 404).

All 167 specimens from the Australian museums and author's collection have been

examined except R.10193.

Variation.—The snout is fairly constant in length, but may be a little shorter

than 1-5 times the diameter of the eye, but never more than that ratio. The tympanum
is always contained between 1-25 and 1-5 times in the diameter of the eye, generally

nearer the lower figure. The back is smooth except for fine pitting, which usually

becomes less distinct posteriorly. A few large specimens such as R.11361 are very

heavily pitted about the head and forepart of body. Almost exactly half the 166

frogs examined have the largest finger disc equal in size to the tympanum. Another
quarter are smaller, sinking to 3/4 the size, while the remaining quarter are larger,

often 1-3 times and in one case 1-7 times the diameter of the tympanum. The inner

metatarsal tubercle is large and elongated. There is no outer one, but there is a

small rounded tubercle in line with the 3rd or 4th toe. Webbing between the fingers

is normally constant, but in extreme cases that between the 3rd and 4th fingers is as

low as 38% but not higher than 50%. The length of the hindlimb varies between 140

and 163% of that of head and body. The vomerine elevations are rather conservative.

Most are very similar to those of A.C.5447. They are usually well separated, but a few
are closely approximated and R.5177 has them contiguous. In J.6073 they are entirely

behind the choanae, but in J.1910 and- J.5278 are very strong and extend to the anterior

borders of the choanae. The dorsum is usually bluish in spirit, but some frogs are

greenish and even fewer brownish. An odd one remains very green. The white spots

on the sides are never arranged in rows but are scattered haphazard. R.4294, R.7337,
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R.8088 and D.8722 are very heavily spotted about the sides and the spots extend to the

back and head. Individuals that are fairly heavily spotted—often an average of about

20 on each side—amount to 16%. Those with a few large or small, but moderately

distinct, spots account for another 22%; 31% have one or two odd indistinct spots,

while 28% are plain and unspotted. There is a white patch or spot under the tympanum
in 53% of cases; it is missing in the remainder. This mark generally forms part of a

white line which runs from near the angle of the jaws to over the shoulder, but

which is not present so often (38 to 53%). This last line is nearly always discontinuous

and rarely the same on both sides. There is a white spot, which is generally quite

prominent when present, on the upper arm in 37% of specimens. The stripe along

the tarsus and part of the tibia is distinct to very distinct in 41% of frogs, faint to

practically absent in another 32%, and absent in 27%. In life the backs may be of

various shades of vivid bright light to dull greens, or even rarely brownish. The
ventral surfaces are white or yellowish, occasionally with some rusty red, a red or

pink suffusion, and in an odd case a greenish rim to the lower jaw. The biggest

specimen measured 103 mm., with the largest finger disc 10 mm. and tympanum 6 mm.
Discussion.—Caerulea is the best known of all Australian Hylids and appropriately

was the first to be described. White in 1790, in the advertisement at the beginning of

his book, thanks the "Gentlemen, through whose abilities and liberal communications,

in the province of Natural History, he has been enabled to surmount those difficulties

that necessarily attend the description of so great a variety of animals, presented for

the first time to the observation of the Naturalist, and consequently in the class of

Nondescripts. Among those Gentlemen he has the honour, particularly, to reckon the

names of Dr. Shaw . . . Dr. Smith and John Hunter . .
.". White's disclaimer and the

evidence of Shaw's publications leaves little doubt that the species is correctly ascribed

to Shaw. Whether this is in accord with the rules for nomenclature is uncertain. The
original description is accompanied by a plate which gives a pleasing picture of

vegetation in the setting of a drowned river valley typical of the Hawkesbury Sandstone

near Sydney, but a poor representation of the frogs. Four of them are shown with the

dorsal blue of long-preserved spirit specimens. The ventral surfaces are of an unnatural

brown and this colour extends over much of the head. The limbs distally from the

elbows and knees are jet black. There are no lateral white spots. Krefft's early notes

(1865: 16-20, and 1866: 33) include "Pelodryas caeruleus is quite a domestic creature,

taking up its quarters under the roof of dwelling-places, in water-spouts, post-holes, etc.

and it has proved itself a surer prophet than Mr. Saxby—the deep croak of the male
being a certain sign that rain will not long be wanting. The Great Green Tree Frog is

the largest of our Batrachians, found in every part of Australia, and in New Guinea.

I have seen specimens as large as a man's fist. This species feeds upon almost every

living object that can be swallowed: lizards, frogs, all kinds of insects, and young

birds—for I have once taken the nestling of a small honey-eater out of the stomach

of one of these insatiable reptiles." Gray (1842: 56) notes a specimen collected by

Gilbert at Port Essington and says that it differs from M. Dumeril's description "chiefly

in the fore feet being not so much webbed as he describes them". Giinther (1863:

249-250) makes long, interesting observations on colour in life, behaviour in captivity,

feeding habits, call, and characters such as the spots and comparative shortness of the

hindlimbs. He remarks "these frogs soon become familiar, especially the male, which,

when I went to feed them, used to approach and to watch the opening through which

I introduced the flies into their cage". Boulenger (1882: 383) gives a standard

description and then divides the species into two colour varieties. One from Port

Essington and N. Australia with no spots and no or only a very indistinct light line

along the tarsus: and the second from Nicol Bay, Port Essington, Moreton Bay and

Sydney with spots on the side, humerus and sometimes back; a streak from the upper

lip to shoulder, generally interrupted under the tympanum; and streaks on postaxial

sides of limbs. Fletcher (see synonymy) has about 30 references to breeding behaviour,

tadpoles, habits, spotting of sides and back, other characters, and distribution of

caerulea. Garman (1901: 14) in his colour note says that his specimens from Port

Bowen and Townsville were unspotted. Gadow (1901: 198) gives a very good account.
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extending over four pages, of this species, dealing with various diagnostic features,

but mainly habitat and food preferences, colour changes and voice. He gives information

which as far as I know has not been printed elsewhere. His account is too long to be

quoted here but should be consulted. However, his remarks on the characteristic

spotting are most relevant. Gadow says: "A conspicuous feature of this species is the

frequent occurrence of white specks or spots, which are probably due to the deposition

of guanine, a peculiar white colouring matter. The spots appear in any part of the

green skin, and are quite irregular in their distribution. Sometimes they remain for

weeks in the same place, or they disappear after a few days and others appear. They

are in no way connected with the shedding of the skin, nor do they indicate ill-health."

Chisholm (1925: 62) found that caerulea was "very rare and only seen once, and never

heard" on the Comboyne Plateau. Loveridge (1935: 39) included both De Vis' irrorata

and Spencer's gilleni in the synonymy. His remarks are dealt with further under

gilleni. Loveridge's 30 specimens were all without lateral white spots except a large

Coen frog. This low proportion of about 3% of unspotted frogs is remarkable when

compared with the 28% of 166 specimens from much the same range examined by the

present author. Loveridge also discusses other characteristics as digital discs and

webbing, limb proportions and coloration. Colour in life of a Darwin specimen is

quoted from H. L. Clark. The frog's penchant for living about houses and other

buildings is remarked on in Darlington's field note that the Coen individuals were

found "in rain gutters during the day; squatting on verandah rails and fence posts at

night". Loveridge later (1948: 404) deals with New Guinea frogs from Merauke.

Hyla caeeulea gilleni Spencer.

Synonymy and references: Hyla gilleni: Spencer (1896: 173); Fry (1912: 97, 99).

Hyla caerulea: Fletcher (1898: 681); Fry (1914: 209). Hyla caerulea (part): Loveridge

(1935: 39).

Spencer's original description (1896: 173) reads: Hyla gilleni, sp. n. (Plate XV,
Figs. 14-17). Tongue large, distinctly notched and free behind. Vomerine teeth in

two distinct groups at the level of the hinder edge of the choanae. Head large, as

long as broad. Snout broadly truncate and slanting downwards and backwards, so

that the nares are vertically in front of the anterior edge of the lower jaw. Canthus
rostralis distinct, the loreal region nearly vertical and somewhat concave. Interorbital

space considerably broader than the upper eyelid. Tympanum distinct, from three- to

four-flfths the diameter of the eye. Fingers slightly webbed. Toes two-thirds webbed.

Discs on the fingers larger th^n those on the toes, and from a half to two-thirds the

size of the tympanum. Subarticular tubercles well developed. A well-marked inner and
small outer metatarsal tubercle developed. A distinct fold is present across the chest,

and another extending from behind the eye over the tympanum to the shoulder. The
hind limb being carried forward along the body, the tibio-tarsal joint just reaches

the eye. Skin smooth above, granulate beneath. Colour green above. A white patch

at the hinder and lower edge of the tympanum and another on the anterior face of the

arm close to the body. White spots may be present irregularly scattered along the

sides of the body and on the anterior face of the hind limbs. Length of largest specimen

(mature $) in spirits from snout to vent 63 mm. Locality: Alice Springs. I am
indebted to Mr. Gillen, of Alice Springs, for three specimens of this frog, which is

only obtainable after rain. One specimen was kindly given to me whilst at Alice

Springs by Mr. Crick. Two specimens are mature, one a male and the other a female.

There is no difference between them, except that in the male the webbing of the toes

is very slightly less than in the female; but the difference is so slight that it may be

due to a greater contraction caused by the spirits in the one case than in the other.

With regard to its habits we know nothing as yet. The fact that it is found after rain

may possibly indicate that it aestivates in burrows, but there is no direct evidence of

this. Hyla rubella is found in and around water-holes at Alice Springs during the dry

season, but no trace of Hyla gilleni can be found. I have much pleasure in associating

with this species the name of- Mr. Gillen, to whom I am indebted for very valuable

assistance in many ways.
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Specimens examined and Locality Records: 1 (D.7036, N.M.) Alice Springs, C.A.;

7 (D.7780-6, N.M.) Telipata Gorge, Western Macdonnells, C.A.; 1 (R.6984, A.M.)

Kimberley Dist., W.A. (H. Basedow), Apr., 1917; 1 (R.1258, W.M.) Broome, W.A.;

2 (R.8730-1, W.M.) Carlton Reach, Ord River, W.A.; 1 (R.8793, W.M.) Ivanhoe Stn.,

Ord River, W.A.; 6 (R.10331-6, W.M.) Fitzroy River, W.A.; Nicol Bay and Junction of

Fitzroy River and Margaret Creek, W.A., vide Fletcher (1898: 681); Napier, Broome
Bay, W.A., vide Fry (1914: 209).

Disciission.—Hyla c. gilleni has been retained as a subspecies on the basis of colour

markings and smaller discs. There are other small differences. Nineteen specimens

from Western and Central Australia have been assigned to this subspecies, including

nine from Spencer's type locality of gilleni or near by. One must agree with Loveridge

(1935: 39) that gilleni does not deserve specific rank. Nevertheless western and central

frogs differ from eastern ones to a noticeable degree. White markings are much less

conspicuous in western frogs. The characteristic spotting of the sides and back present

in 72% of eastern frogs is absent in three cases, present in six but small, and fairly

well marked in one. Four of the nine C.A. specimens had small spots. One C.A. and
three W.A. individuals had spots under the tympanum, but they were very small and
not nearly as prominent as in eastern frogs, where they occur in 53% of cases. The
conspicuous white stripe from the angle of the mouth to over the shoulder in 38% of

eastern frogs is present in only one from W.A. and is indistinct in five from C.A. The
white spot on the upper arm of 37% of eastern frogs is present on two C.A. and three

W.A. specimens, but as two or three quite small spots. These remarks are quite

definite for the W.A. frogs which are in a good state of preservation. The C.A. frogs

are older and all brown. Although Spencer mentions irregularly scattered spots along

the sides of the body and anterior face of the hindlimbs and a white patch on the

hinder and lower edge of the tympanum and another on the anterior face of the arm
close to the body, they are indistinct in the Telipata Gorge and Alice Springs specimens.

In contrast markings are very plain on many old eastern frogs. Finger discs are

smaller in W.A. specimens, averaging 90% the size of the tympanum, while in C.A.

ones they only average 66%. Spencer says "one half to two-thirds the size of the

tympanum". Loveridge remarks on the finger discs: "Spencer states of gilleni that

they are half to two-thirds. The figure of the latter, however, shows some discs as

large as the tympanum and it may be postulated that some are contracted from
immersion in the spirit of which he writes." This is almost so as the figure shows
the largest discs about 90% the size of the tympanum. However, in the nine specimens

examined the discs do not appear to have shrunk to any extent. I think preservation

can be blamed for only a small part of the low figure. Only two W.A. specimens have
the largest disc equal to the tympanum in size; none is larger. Webbing of both

fingers and toes is less than for eastern frogs. The tympanum of c. gilleni is very-

distinct and fairly constant at 80% the diameter of the eye. Possibly C.A. frogs

are distinct from both eastern and western ones, being isolated in semi-desert areas

while the western form differentiated after its long migration along the northern coasts.

A new name would then have to be found for the western form. Noble (1931: 409),

discussing the unusual cry of alarm given by some frogs, quotes Lankes (1928: 6) that

the male Hyla caerulea gives this call without provocation, and continues "the cry is

often given when a frog is seized by a snake, and while it may fail to frighten off the

serpent, it may at least warn other frogs in the neighbourhood".

Hyla infrafeenata infeafrenata Giinther.

Synonymy and references: Hyla cyanea (non Daudin) : Schlegel (1837-44:26). Hyla
cyanea (part): Dumeril and Bibron (1841: 5-77). Pelodryas caeruleus (part.): Giinther

(1858:119); Keferstein (1868b:288). Calamites cyaneus (part): Steindachner (1867:66).

Hyla infrafrenata: Giinther (1867:56); Boulenger (1882:384-5; 1885:387; 1912:212-3);

Mehely (1898:176); Fry (1912:100; 1913:49); Nieden (1923:205); Kampen (1923:24,26,

27, 38, 51, 54, 56-7); Kinghorn (1928:289). Calamita dolichopsis: Cope (1867:201, 204).

Hyla dolichopsis: Boulenger (1882:384); Ogilby (1890:100); Mehely (1898:176); Lonn-
berg (1900:580); Werner (1900:118); Kampen (1906:171; 1909:33; 1923:52, 55); Roux
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(1910:229); Barbour (1912:76). Litoria guttata: Macleay (1878:138); Fry (1913:49).

Pelodryas militarius (a subspecies ot infrafrenata) : Macleay (1878:138). Hyla aruensis:

Horst (1883:242). Hyla dolichotJsis var. tenuigranulata: Boettger (1895:136). Hyla

sangninolental: Kanipen (1909:33). Hyla spengleri: Boulenger (1912:215). Hyla infra-

frenata infrafrenata: Loveridge (1948:402).

Giinther's original description (1867:56) reads: Hyla infrafrenata, sp. n. Snout short,

rounded, with obtuse canthus rostralis. Vomerine teeth in two transverse series on a

level with the hind part of the choanae, which are wide. Skin minutely granular.

Fingers one-third webbed. Uniform green above (bluish in spirits). A pure white band

round the margin of the lower jaw, and continued in a straight line to below and behind

the tympanum. Lower parts whitish. Cape York. Body If inch long, hind limb 3 inches,

foot f inch.

Descriiition of 0.3286. in the National Museum, Melbourne, probably an adult female,

Cairns, Queensland:

Habitus rangy, long limbed, and with wide head and narrow waist, width of

body (30 mm.) 31% of total length (98 mm.); head rounded, about as broad as long

(31 X 30 mm.); snout moderate (15 mm.), about twice diameter of eye (7 mm.),

rounded when viewed from above, receding slightly in profile, extending very little

beyond lip; canthus rostralis short, rounded and indistinct; lores with concave groove

behind nostrils which are protuberant, sloping upwards obliquely and inwards from jaw

to canthus rostralis; interorbital width considerably greater than the width of an

upper eyelid (11 to 7 mm.), the top of the head shallowly concave with the eye bulges

not very distinct; internal space 6-5 mm.; diameter of eye 70% of its distance from

nostril; tympanum very distinct, directed slightly upward, diameter only slightly less

than that of eye (6-5 to 7 mm.), distance from eye 3 mm.; a moderately well-defined

supratympanic fold extending to above shoulder.

Skin above smooth with minute pitting; chin and throat fairly smooth; ventral

surface from level of forelimbs and underside of thighs coarsely and rather uniformly

granulate; both limbs except for thighs smooth below; no fold across breast; no anal flap.

Forelimb strong and fairly long (66 mm.), 67% of length of head and body; hand

30 mm.; finger discs well developed, narrower than long, exactly same size as tympanum
(5x7 mm.); fingers in order of length, 1,2,4,3; extent of webbing between fingers,

52, 50 and 56%, fingers fringed; subarticular tubercles distinct, large and rounded;

palmar area divided; thumb with large pad.

Hindlimb moderately strong, long, length (172 mm.) 176% of head and body;

femur 52 mm., tibia 50 mm., foot 70 mm.; heel reaching to tip of snout; toe discs well

developed, narrower than long, smaller than tympanum (4 x 4-5 mm.) ; toes in order

of length, 1, 2, 3, 5, 4; extent of webbing between toes, 70, 70, 71 and 61%, all toes

distinctly fringed to discs, webbing reaching discs of 1st and 5th toes and outer side of

2nd; subarticular tubercles rounded, distinct and of moderate size; sole smooth without

supernumerary tubercles; inner metatarsal tubercle large, no outer tubercle.

Vomerine elevations paired, separated by nearly half the width of one of them,

prominent and jutting out in ridges, posterior sides in a straight line each bearing

about six small teeth, triangular and totally contained between lines joining the anterior

and posterior edges of the choanae, which are large and oval, each being about half

again the width of a vomerine elevation; tongue subcircular, slightly nicked behind,

sides and front with a few shallow indentations; no subgular sac.

Dorsal colour bluish in alcohol, yellowish-white below; a white line 2 mm. wide,

which is continued from along the margin of lower jaw, extends backwards to above
forelimb where it ends abruptly.

Specimens examined and Locality Records: 8 (R. 3513-5, A.M.) Mapoon, Gulf of

Carpentaria, Q. (C. Hedley), 1903; 1 (Pt4615, A.M.) New Guinea (Geog. Soc.'s Exped.),

1885; 1 (R.5246, A.M.) New Guinea (A. Morton); 1 (R.6650, A.M.) Herbert River, Q.

(T. Steel), 14.iv.l914; 1 (R.684S, A.M.) Sorong, Dutch New Guinea (M.C.Z.), Feb.,

1916; 1 (R.8899, A.M.) Aitape, New Guinea, l.xii.l925; 1 (R.9574, A.M.) Papua (C. T.
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McNamara) ; 1 (R.9877, A.M.) Inamatura, Mt. Lamington, Papua (C. T. McNamara),
Apr., 1929; 1 (R.10474, A.M.) Trobriand Is. (J. Vogan), 15.ix.l931; 1 (R.11819, A.M.)

Aitape, New Guinea (A. J. Marshall) 23.V.1936; 2 (R.11877-8, A.M.) Aitape, New Guinea

(A. J. Marshall), 2.xi.l936; 1 (R. 12222, A.M.) near Rabaul, New Britain (W. H.

Harrington), 1937; 2 (R.12499, R.12521, A.M.) Bulolo, New Guinea (C. Gunther), 1940;

3 (R.13269-71, A.M.) Lae, New Guinea (E. L. Troughton), 17.viii.l947; 2 (R.13867,

R.14544, A.M.) Laloki River, New Guinea (L. J. Jones), 1955; 6 (R.940-1, R.3004-7, A.M.)

no data; 2 (J.5281, J.5285, Q.M.) Palm Island, Q.; 1 (D.3286, N.M.) Cairns, Q.; Sorong,

Ternata Id., Manokwari, Merauke, Karakelang Id., Aitape, Finschhafen, Gusiko (Kalueng

River), Hollandia, Toem, Liki Id., and Sansapor, vide Loveridge (1948:402); Katow,

New Guinea, type locality of Litoria guttata, vide Macleay (1878:137); Sattelberg, New
Guinea, vide Lonnberg (1900:580); Misol Island, Duke of York Island, Cape York,

vide Boulenger (1882:384-5); Amboina Id., Molucca Islands, type of dolichojjsis , vide

Cope (1867:204) ; Halmahera Id., Molucca Islands, type of dolichopsis var. tenuigranulata,

vide Boettger (1895: 136); Dinawa, Owen Stanley Mts., N.G., type of spengleri, vide

Boulenger (1912:215).

All A.M., Q.M., and N.M. specimens, except R.3004-7, have been examined.

Variation.—Thirty-four specimens have been examined, of which 14, and possibly

16, are from the mainland. Infrafrenata is a much larger and more rangy species

than caerulea and its coloration is quite different. Most attention has been paid to

the Australian frogs, and it is possible that an island H. i. militaria (Ramsay) has

been included. The upper jaw is plain in all specimens and the wide, very prominent,

white line which circles the lower jaw and then runs back from the angle to above

the shoulder is always present and diagnostic. The dorsum is normally bluish in

alcohol, but occasionally greenish or brownish, while in R.3514 it is purple. The back

may be smooth without pores, or finely or coarsely shagreened. The surface of the

chin and throat is granulate with the remainder of the ventral surfaces of body and
thighs very coarsely granulate; behind the vocal sac it may be almost tessellated. The
sides are never spotted like caerulea but some white extends from the ventral surface

onto the shagreened area. Tympana are light and distinct. A white or pink line is

prominent on the postaxial edge of the tarsus from the heel well along the 5th toe,

and there is a similar line along the forearm and hand. It may be denticulated in

blue from the dorsal surface. The pattern is not very conspicuous in juveniles. Males

have large external vocal sacs opening into the mouth by long slits on each side of

the tongue. Forelimbs may reach 80% of the length of head and body, and hindlimbs

200%. The heel reaches the tip of the snout or beyond. The vomerine elevations are

robust, mainly transverse but a little oblique, and between the choanae in adults.

They are well separated in all specimens except R.11819, where they are contiguous.

They are small in R.13270 and small and rounded in juveniles. The largest finger disc

is equal to the tympanum in size in all cases except three, when it is slightly smaller.

The largest specimen seen, R.11819, measured 127 mm.

Discussion.—I am indebted to Nieden for much of the New Guinea and islands

synonymy. In-frafrenata is quite distinct from other mainland frogs which are the

main concern here. Boulenger (1882: 384) describes dolichopsis in the form of a

comparison with caerulea as follows: "Differs from H. caerulea in the following points:

Snout longer, twice as long as the diameter of the eye; fingers half webbed; disks

larger, considerably larger than the tympanum; hind limb much longer, the tibio-

tarsal articulation reaching the tip of the snout, or beyond. Skin of head and scapular

regions not, or but very slightly, thickened, without large pores. Lower lip with a

white, below brown-edged, margin; a white streak along the outer edge of forearm and

tarsus. Size larger, from snout to vent 115 mm. Austro-Malaysia." He next (p. 385)

says of infrafrenata: "Agrees in every respect, in coloration as well as in structural

characters, with H. dolichopsis, but the digital disks are much smaller than the

tympanum. From snout to vent 45 mm. North Australia. Cape York (Type)," It

should be noticed that Boulenger's specimen of infrafrenata was only young. Both

Kinghorn and Loveridge have noted that the tympanum has a higher growth rate than.
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the eye. Boulenger (1SS5: 387) thought that De Vis' irrorata should be compared

with this species. This was discussed by Fry (1912: 100) and also under irrorata in

the present paper. Later Fry (1913: 49) examined the type specimen of Macleay's

Litoria guttata from Katow, New Guinea, and concluded that it was without doubt an

extremely young example of infrafrenata. Lonnberg (1900: 580) noted that a young

specimen lacked vomerine elevations, and redescribed a large individual. Nieden (1923:

205) gives a redescription of the adult and the tadpole. Loveridge (1948: 402), who
had about 50 specimens, gives a detailed discussion of taxonomy, diagnostic characters,

relative eye and tympanum sizes, colour in life and habitats when collected. Infrafrenata

has a three months' priority over doUchopsis—from June to September, 1867.

Hyla irrorata De Vis.

Synonymy and references: Hyla irrorata: De Vis (1884:128); Boulenger (1885:387);

Fry (1912:100); Loveridge (1935:39).

De Vis's original description (1884:128) reads: Hyla irrorata. Vomerine teeth in

two small, rather distinct groups behind the choanae; tongue a broad oval, notched on

its free hind edge; head much broader than long; snout truncated; nostrils much nearer

to the tip of the snout than to the eye; tympanum two-thirds to three-fourths of the

eye; fingers broad, webbed at the base, disks two-fifths of the tympanum; toes two-thirds

webbed, the web reaching the disks of the third and fifth and fringing the fourth, which

is short; two metatarsal tubercles, the outer small; skin smooth above, granulated

beneath, more coarsely on the abdomen. Lead-blue to olive-brown; beneath rufous or

buff—in young examples, paler on the throat and purplish on the under and hinder

surfaces of the thighs; on and behind the angle of the mouth a short line, or series

of spots, white; a spot on the arm (nearly constant), and a line along the hinder

edge of the forearm white; a group of small white spots on the groin, sometimes
extending round the coccyx; occasionally a few scattered white dots on the back, and
a large one on each side of the throat.

Measurements. Lines. Lines. Measurements. Lines. Lines.
Total length 32 20 Hindlimb 42 28
Length of head .... 8 6* Hindfoot 19 13
Length of snout .... 4 3 Forelimb 17 11
Interorbit 9 53 Forefoot S 5|

Locality, Gympie. Collected by Mr. H. F. Wallmann.
Description of J.9255 in the Queensland Museum, an adult female, Dalby, Queensland:
Habitus slender but with a broad head; total length of head and body 36 mm.;

head pentagonal with parallel sides and very prominent snout, as broad as long
(12-5 mm.); snout moderate (6 mm.), one and a half times diameter of eye (4 mm.),
bluntly rounded between nostrils but made conspicuous by the horizontally concave
loreal region, almost straight but receding slightly in profile, extending very little

beyond lower lip; canthus rostralis short, a trifle concave, hardly angular but distinct;
lores concave horizontally, sloping upwards obliquely; interorbital width 1-6 times that
of an upper eyelid (4-5 to 2-75 mm.), the top of the head flat between very prominent
eye bulges; internasal space 3.25 mm.; diameter of the eye slightly greater than its

distance from nostril; tympanum very sharply outlined, directed slightly upward,
contained in diameter of eye one and a third times (3 to 4 mm.), distance from eye
1-5 mm.; a thin but most distinct supratympanic fold from eye to shoulder overhanging
tympanum.

Skin almost smooth in general appearance, but minutely pitted all over, particularly
on head, upper eyelids and forepart of body; limbs practically smooth; chin except for
smooth margin, throat, and underside of body and thighs granular; otherwise limbs
smooth including posterior surfaces of thighs which do not have a granular extension
up to vent; a narrow pectoral fold; a very small anal flap.

Forelimb moderately long (24 mm.), 67% of length of head and body; forearm
without dorsal shield, and upper- arm little thinner than the fairly robust forearm;
hand 10 mm.; finger discs small, especially on thumb, rounded, largest two-thirds
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diameter of tympanum (2 to 3 mm.); fingers in order of length, 1,2,4,3; extent of

webbing between fingers; 27, 37 and 33%; fringes practically absent; subarticular

tubercles small, rounded, distinct; palm divided; thumb broadened basally.

Hindlimb moderately robust and long, length (54-5 mm.) 151% of head and body;

femur 15-5 mm., tibia 16 mm., foot 23 mm.; heel reaches to about nostril; toe discs

distinct but small, about half diameter of tympanum (1-5 to 3 mm.) ; toes in order

of length, 1,2,3=5,4; extent of webbing between toes, 36, 44, 61 and 61%; no toe webbed
to disc; narrow fringes to all discs; subarticular tubercles rounded and distinct; sole

divided, fairly smooth; a narrow tarsal fold; an elongated inner metatarsal tubercle,

and a low, rounded outer one.

Vomerine elevations paired, well separated, oblique, each about the size of one

of the rather large choanae, almost but not quite behind choanae; tongue subcircular,

free and slightly indented behind.

Dorsal surfaces brownish-blue in spirit, brownish on limbs; all ventral surfaces

whitish except for brownish margin of lower jaw and a few brown speckles on underside

of toes; the brown colour extends along upper arm and thigh to form a brown area

about vent; a strongly contrasted white discontinuous line begins under the eye and

runs along the upper jaw, under the tympanum and to the shoulder; this white line

resumes behind the forelimb and continues more than half way along the side in the

form of about four, large rounded or lens-shaped, partly confiuent, patches; above

this there are altogether about a dozen quite small white spots; a white line along

outer edge of forearm, tibia and tarsus; a large white spot on the upper arm.

Specimens examined and Locality Records: 1 (J.9255, Q.M.) Dalby, Q. ; Gympie, Q.,

type locality, vide De Vis (1884:128).

Discussion.—This species stands close to gracilenta. and the only specimen examined

is labelled as such in the Queensland Museum collections. It is at once separated from

gracilenta by the conspicuous, quite wide stripe back from the upper jaw over the

shoulder and its prolongation along the side as large, blob-like white spots. Again,

irrorata has a very distinct tympanum, and lacks the light line along the canthus

rostralis and behind the eye rather dorsally as well as the shield on the forearm of

gracilenta. De Vis's description (1884:128) is quite diagnostic when a specimen is

before one. Minor points of difference drawn from his frogs from Gympie, which is

about 120 miles from Dalby, are probably a function of fresh material, such as when
he says the head is much broader than long and that the web reaches the discs of the

3rd and 5th toes. He also mentions that the finger discs are two-fifths of the tympanum.
The largest discs of J.9255 are two-thirds the diameter of the tympanum, but these

are about twice the size of those of the thumbs. In all J.9255 conforms faithfully to

the original description. Boulenger (1885:387) strongly criticizes De Vis' work and
sinks nearly all his species described in 1884 in synonymy. He says "Hyla irrorata

should be compared with H. infrataeniata, Gthr." Fry (1912:100) discusses irrorata

quite fully, but did not have a specimen before him. He points out that Boulenger
doubtless meant H. infrafrenata Giinther and not H. infrataeniata Gthr. On the grounds
of coloration, the disposition of the vomerine elevations and geographical distribution,

Fry decided that irrorata could hardly be a synonym of infrafrenata and suggested

that it was a synonym of H. caerulea. He says: "In the presence of a white mark
behind the angle of the mouth it agrees with H. infrafrenata and differs from H. caerulea,

hut in the occurrence of irregular white spots on groin and upper surfaces it possesses

a character which is typically characteristic of H. caerulea." Irrorata differs from both
caerulea and infrafrenata in the amount of webbing and the size of the discs as well

as other characters. Fry mentions that the type has been lost. Loveridge (1935:39)
follows Fry in referring irrorata to the synonymy of caerulea.

Hyla peronii (Tschudi).

Synonymy: Dendrohyas Peronii: Tschudi (1838: 75); Fitzinger (1860: 413). Hyla
7)eronii: Dumeril and Bibron (1841: 569); Gunther (1858: 112; 1863: 250; 1867: 56);

Krefft (1864: 389; 1865: 18; 1866: 33); Steindachner (1867: 60); Keferstein (18686:
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282); Boulenger (1882: 390; 1885: 387); Fletcher (1889: 365, 370, 381; 1890: 670-5;

1891: 265, 272-3; 1892: 8, 12; 1894: 524, 528-530; 1898: 665, 669, 681-2); Spencer (1892:

21); Lucas (1892: 61; 1896: 47); Fry (1912: 99); Andersson (1913: 21; 1916: 15);

Nieden (1923: 224); Chisholm (1925: 62); Kinghorn (1931: 89) Loveridge (1935: 41);

Mitchell (1955: 404). Hyla rothii: De Vis (1884: 66); Fletcher (1898: 682); Fry

(1912: 99).

Tschudi's original description (1838: 75) gives little more than the first publication

of the name and reads: Dendrohyas Peronii (Nov. Holl.). Syn. Hyla Peronii Bibr.

Description of No. A.C.4650, an adult male, Poison Point Bore, about 53 m. W. of

Bourke, N.S.W., 3.i.l951:

Habitus, a moderately robust species with a rather broad head, width of body

(22 mm.) 41% of total length of head and body (54 mm.); head bluntly pointed, as

broad as long (17-5 mm.); snout short (8 mm.), 1-6 times diameter of eye (5 mm.),

obtusely pointed when seen from above, rounded in profile, noticeably overhanging

lower lip; canthus rostralis rounded and indistinct; lores gently concave, but in general

flattish and sloping obliquely upwards and inwards to canthus rostralis; interorbital

width markedly greater than that of an upper eyelid (7 to 4 mm.), top of head flat

between prominent eye bulges; internasal space 4-5 mm.; diameter of the eye exactly

equals its distance from nostril; tympanum round, very distinct, directed markedly

upwards, contained in diameter of eye 1-4 times (3-5 to 5 mm.), distance from eye

1-75 mm.; a distinct supratympanic ridge made very conspicuous by the inward-turned

tympanum.
Skin uniformly rough and studded with larger and smaller low, rounded warts;

chin and throat granular; belly and lower surfaces of thighs with an area up to the

vent coarsely granulate; limbs otherwise smooth; a prominent pectoral fold; anal flap

very small.

Forelimb strong and moderately long (31 mm.), 57% of length of head and body;

hand 16 mm.; flnger discs well developed, rounded, perhaps a shade smaller than

tympanum (3-25 to 3-5 mm.); flngers in order of length, 1, 2, 4, 3; extent of webbing

between fingers, 40, 53 and 58%; practically no fringing; subarticular tubercles large,

rounded and prominent; palm divided with a few large flat tubercles; thumb, which

is partly opposed to the other fingers, with a large pad.

Hindlimb moderately robust and long, length (89 mm.) 165% of head and body;

femur 26 mm., tibia 27 mm., foot 36 mm.; the heel reaches to nostril; toe discs well

developed, rounded, smaller than tympanum (3 to 3-5 mm.) ; toes in order of length,

1, 2, 5, 3, 4; extent of webbing between toes, 75, 85, 88 and 87%, webbing to discs or

nearly so, except on preaxial sides of three middle toes where there are narrow fringes;

subarticular tubercles prominent, projecting and rounded; sole granular, inner meta-

tarsal tubercle large (2 mm.), oval, no outer tubercle.

Vomerine elevations paired, slightly elliptical, transverse, well separated and even

more widely separated from the much smaller choanae, prominent and strongly

projecting, mainly between and in front of the choanae, but because of the smallness

of these openings a very small part may be behind a line joining the posterior margins
of the choanae; tongue subcircular, free and feebly grooved behind, large but somewhat
narrower than mouth at angle of jaws; the large subgular vocal sac has a moderately

sized opening into the mouth at each side of the tongue; when deflated it is bounded
by two well-marked transverse folds, the posterior being the pectoral one, and there

is another oblique fold joining the two transverse ones on each side just in front of

the insertion of the forelimb.

Colour above reddish-brown with irregular black mottling; ventral surfaces yellow

except for chin and throat which are heavily suffused with dark brown; rear of thighs

yellow irregularly blotched with black in patches and scriptiform markings; this

excludes a large patch spotted with white and brown below the vent; flanks marked
somewhat as posterior surfaces of tMghs; limbs dorsally obscurely cross-barred with

darker; there is an irregular line of granules picked out in whitish yellow behind

the forearm and another behind the tarsus extending along the 5th toe; the tympanum
is light yellowish-brown and very distinct.
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Specimens examined and Locality Records: 1 (R.1242, A.M.) Richmond River,

N.S.W.; 1 (R.1870, A.M.) Colo Vale, N.S.W. (N. Etheridge), Nov., 1895; 1 (R.2399, A.M.)

Pambula, N.S.W. (Mrs. Forde), Oct., 1898; 1 (R.2928, A.M.) Eidsvold, Q. (T. L.

Bancroft), Sept., 1912; 1 (R.3385, A.M.) Marrickville, Sydney, N.S.W. (Henry Selkirk),

Apr., 1902; 12 (R.3516-3524, R.3526, A.M.) Mapoon, Gulf of Carpentaria, Q. (Chas.

Hedley), July, 1903; 1 (R.3838, A.M.) Parramatta, N.S.W. (A. R. McCulloch) ; 1 (R.4253,

A.M.) Warrell Creek, Nambucca River, N.S.W. (Dene Fry), Nov., 1908; 4 (R.4295-8,

A.M.) Darling River, N.S.W. (R. Helms), May-June, 1890; 1 (R.4381, A.M.) Brisbane, Q.

(A. R. McCulloch); 2 (R.4633-4, A.M.) Warrell Creek, Nambucca River, N.S.W. (W.
Clark), Jan., 1910; 3 (R.4660, R. 4662-3, A.M.) Woonona, near Bulli, N.S.W. (H. L.

Coleman), Feb., 1910; 1 (R.5011, A.M.) Cape York, Q. (C. Hedley and Elgner), Dec,

1910; 1 (R.5348, A.M.) Eidsvold, near Gayndah, Q. (T. L. Bancroft), Aug., 1911;

2 (R.5444-5, A.M.) Buddah Lakes, Trangie, N.S.W. (J. Woodhead), Dec, 1911; 1 (R.5864,

A.M.) Brisbane, Q. (McCulloch and Troughton), Sept., 1912; 1 (R.5895, A.M.) Nambucca
River, N.S.W. (H. E. Smart), Sept., 1912; 5 (R.5925-8, R.5983, A.M.) Eidsvold, Q.

(T. L. Bancroft), Sept., 1912; 1 (R.6543, A.M.) East Maitland, N.S.W. (L. Harrison),

Jan., 1914; 8 (R. 6651-4, A.M.) Herbert River, Q. (T. Steel), 14.iv.l914; 2 (R.6942-3, A.M.)

Townsville, Q. (F. H. Taylor), 15.iii.l916; 2 (R.7340-1, A.M.) Goangra, near Walgett,

N.S.W. (J. J. Fletcher), Nov., 1921; 3 (R.7345-6, A.M.) Emu Plains, Urana, near

Narrandera, N.S.W. (J. J. Fletcher), Nov., 1921; 5 (R.7358-62, A.M.) Narrabri, N.S.W.

(J. J. Fletcher), Nov., 1921; 1 (R.7472, A.M.) Mt. Wilson, Blue Mts., N.S.W. (J. J.

Fletcher), Feb., 1922; 3 (R.7528-30, A.M.) Lower Clarence River, N.S.W. (J. J. Fletcher),

Feb., 1922; 3 (R.7964, R.7966-7, A.M.) Upper Colo, N.S.W. (Kinghorn, Fletcher and

Wright), Oct., 1922; 2 (R.8092-3, A.M.) Bulahdelah, N.S.W. (H. L. Kesteven), Oct.,

1923; 2 (R.8347-8, A.M.) Mt. Horeb, Tumut Dist, N.S.W. (J. H. Wright), Aug., 1924;

3 (R.9394-6, A.M.) Coolong, near Yerranderie, N.S.W., 15.xii.l927; 1 (R.9408, A.M.)

Jaffa, Ashford Downs, N.S.W. (B. Morrisby), Dec, 1927; 3 (R.9725-7, A.M.) Groote

Eylandt, N.T. (W. E. Warren), 9.1.1929; 4 (R.10690-3, A.M.) Tubbo Stn., Murrumbidgee
Area, N.S.W. (Kinghorn, McKeown and Barnes), 1932; 2 (R.10694-5, A.M.) Marsh,

10 m. W of Narrandera, N.S.W. (K., M., and B.), 1932; 36 (R.10696-R.10725, R.10704-16,

R.10718-25, A.M.) Five Bough Swamp and Canal, Agricultural High School, Yanco,

N.S.W. (K., M., and B.), 1932; 1 (R.11020, A.M.) Groote Eylandt, N.T. (H. J. Perryman);

1 (R.11354, A.M.) Alexandra Stn., N.T. (Troughton and Fletcher), 6.vi.l934; 21

(R.11600-2, A.M.) Pilliga, N.S.W. (S. Benney), July, 1935; 2 (R.12078-9, A.M.) Palmdale,

Wyong, N.S.W. (J. H. Wright), 1937; 1 (R.12744, A.M.) Lowana, N.S.W. (Mel. Ward),

Dec, 1943; 4 (R.13387-8, A.M.) Bowenfels South, N.S.W. (Kinghorn and MacKay),
Feb., 1948; 4 (R.13587-8, A.M.) Cape Arnhem, N.T. (J. E. Bray); 1 (A.4913, A.M.) Yam
Creek, N.T. (0. C. Morton), 1879; 9 (6901, 7121, 7124, 7334, 7336-40, A.M.) no data;

1 (7116, A.M.) Mulgoa, N.S.W. (Dr. Cox); 1 (J. 397, Q.M.) Tambourine Mt., Q.; 1 (J. 651,

Q.M.) Eidsvold, Q.; 2 (J.1327-8, Q.M.), Brisbane, Q.; 1 (J.2549, Q.M.) Gyranda, Q.;

1 (J.6215, Q.M.) Beechmont, Q.; 1 (D.3258, N.M.), Gunbower, V.; 1 (D.6855, N.M.),

Bruthen, V. (D. Barling), 3.i.l918; 1 (D.7015, N.M.) Sydney, N.S.W.; 1 (D.7855, A.M.)

Kerang, V. (A. Burns); 1 (D.8834, N.M.) N.S.W.; 1 (R.2635, S.M.) Murray Bridge, S.A.

(T. H. Johnson), 2.ii.l948; 5 (R.3735, S.M.) St. George, Q. (W. Hosmer), 25.ix.1955;

6 (R.3898, S.M.) Tailem Bend, S.A. (T. H. Johnson), 23.ii.1942; 1 (A.C.123) Colo, N.S.W.,

18.ix.l938; 2 (A.C.128-9) Upper Cordeaux Dam, N.S.W., 25.ix.1938; 1 (A.C.191) Yarra-

malong, N.S.W., 23.X.1938; 2 (A.C.221-2) Rouse Hill, N.S.W., 5.xii.l938; 4 (A.C.353,

357, 360, 362) Rouse Hill, N.S.W., Feb., 1939; 2 (A.C.543^4) Condamine Downs, Q.,

2.xi.l939; 1 (A.C.2261) Putty, N.S.W., 24.V.1944; 1 (A.C.3977) Mclntyre Brook, near

Whetstone, Q., ll.i.1948; 9 (A.C.4648-4656) Poison Point Bore, 53 m. W. of Bourke,

N.S.W., 2.i.l951; 1 (A.C.4660), 7 m. E. of Poison Point Bore, N.S.W., 3.1.1951; 1 (A.C.4837)

Tocumwal, N.S.W. (I. M. Watts), l.xi.l951; 1 (A.C.5109) Warra, Q., 29.xii.1954; 3

(A.C.5125-6, 5143) Jandowae, Q., 30.xii.l954; 8 (A.C.5235-40, 5255-6) Baralaba, Q.,

7.i.l955; 1 (A.C.5384) 8 m. S-E. of Calliope, Q., 12.i.l955; 2 (M.C.Z.1602) Melbourne, V.

(Prof. F. Miiller); 1 (M.C.Z.1928) Sydney, N.S.W. (Gottingen Mus.), 1885; 1 (M.C.Z.3587)
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Woonona, near Bulli, N.S.W. (Australian Mus.), 1914; 1 (M.C.Z.3588) Eidsvold, Q.

(Australian Mus.), 1914, last four localities vide Loveridge (1935:41); 4 (U.S.N.M.

128715-8) Oenpelli, N.T., vide Mitchell (1955:404); Port Essington, Rockhampton, Long

Bay, Sydney, vide Boulenger (1882:391); Comboyne Plateau, N.S.W., vide Chisholm

(1925:62); Illawarra, Burrawang, Blue Mts., Coolah, Guntawang, Cullenbone, Dandaloo,

Hay, Wagga, Goangra, Euroka, near Condobolin, Urana, Lower Clarence and Tamworth,

all in N.S.W., vide Fletcher (see synonymy).

All 227 A.M., Q.M., N.M., S.M., and A.C. specimens listed have been examined.

Variation.—Proportions of the head are very constant, being about equal or a little

longer than broad. The length of the snout is usually from 1-4 to 1-6 times the diameter

of the eye. Occasionally it may be very slightly less, especially in specimens such as

J.1328, where the snout is truncate when seen from above. The snout is sometimes

virtually vertical and then only projects a little beyond the lower lip. The interorbital

width, which is generally much more than that of an upper eyelid, may reach twice

its width; but in an odd case, such as A.C.357 and A.C.360, sinks to unity. This is

most noticeable in frogs from the central coastal area of N.S.W. , where the eye bulges

are very prominent and encroach on the interorbital space. Northern specimens have

smaller and lower upper eyelids. The tympanum is slightly larger in eastern coastal

N.S.W. specimens than in those from Queensland and the west of N.S.W. The skin

is always dorsally and laterally studded with warts, almost invariably rounded, but a

few may be lenticular. The warts vary a good deal in height, some being very low.

A few specimens, such as J.397 from Tambourine Mountain, are extremely warty and
may be said to be shagreened especially on the sides. In six of ten western N.S.W.

and half the Queensland specimens examined the largest finger disc equalled the size

of the tympanum. The respective averages were 94% size of the tympanum and 91%.

This occurred only once in 11 eastern N.S.W. individuals (average 84%), but the

variation may be attributed to the different sizes of the tympanum as noted above.

The percentage of v/ebbing between the 3rd and 4th fingers in 38 A.C. specimens

averages 52 ± 1-3. The majority are thus fairly closely grouped. Frogs from the central

coast of N.S.W. have smaller webs, averaging 48% against 55% for those from the

Far West of the State. Length of the hindlimb is slightly shorter in western N.S.W.

frogs, its proportion to head and body length being 168% against 172% for eastern

N.S.W. and 177% for Queensland specimens. The extent of webbing between the toes

is fairly constant. The heel reaches the snout or slightly beyond in three frogs out

of four. Vomerine elevations are large, transverse, well separated, partly in front of

the choanae and in some cases a trifle behind because the choanae are small, much as

in A.C. 4650, in 71 of the 166 A.M. frogs. They are smaller and rounded in the remainder.

Excluding those without locality records, the N.S.W. specimens represent 84% of those

with robust vomerine elevations against 16% from Q. and the N.T. N.S.W. frogs only

amount to 74% of all specimens in both classes, so there seems to be a decided tendency

for southern individuals to have more strongly developed elevations. This is supported

by the specimens in the author's collection. Of 38, 28 are rounded, well separated and
between the choanae, 10 are of the larger and more robust type. Seven of these 10 are

from the coastal area of N.S.W. (7 out of a total of 11 from this area), two of the

others are from western N.S.W., but only one, A.C.5125, from Queensland. J.6215 is

abnormal in having the right elevation missing. The tongue is always much narrower
than the mouth and may be quite elongated. Seven frogs from Murray Bridge and
Tailem Bend have the vomerine elevations very small and rounded, the choanae slightly

larger than usual, the dorsum practically smooth, and the posterior surfaces of the

thighs white with much smaller and more scattered black spotting than normal. The
black markings on the back are generally without any suggestion of pattern, but in a
Mt. Tambourine, a Groote Eylandt and four Cape Arnhem frogs there is a longitudinal

arrangement. Black blotching on yellow behind the thighs is typical. It may often be

very bold, the pattern varying from as .many as a dozen blotches to as few as two
very prominent ones. This very bold pattern occurs in about 9% of frogs and does

not follow any geographical lead. " In A.C. 191, A.C.2261 and D.7015 there is so much
black behind the thighs that the yellow is reduced to a few islands. Western N.S.W.
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frogs all have a few large black markings on bright yellow, except A.C. 4656, where the

posterior surfaces of the thighs are uniform yellow but for a few, small, irregular

spots. A.C.4837 from Tocumwal is greyish dorsally with small blacks spots; a blackish

line from the eye curving over the tympanum and shoulder to become a series of

black spots. The thighs have round spots below an interrupted dorsolateral line.

R.9395 also has the black supratympanic line. The "flanks are marked much as the

posterior aspect of the thighs. White spots in series behind the forearm and tarsus

are always present, but vary greatly in prominence. No frogs are quite smooth and
the wartiness is generally fairly evenly distributed. Some old individuals are extremely
warty.

Discussion.—Giinther (1863: 250) gives a very good account of colour and colour

changes in life, mentioning the typical bright yellow with "irregular reticulated black

spots" of the posterior surfaces of the thighs and loins; and blackish-brown and small

green dots on the brownish-olive back when awake. Asleep the ground colour becomes
lighter, the dark spots disappear, the green dots become indistinct, and the tubercles

turn whitish at the tip. He also refers to feeding and other habits and voice.

Keferstein (18685: 282) gives a concise but diagnostic description. Giinther (1858:

112) gives the only record of this species from Tasmania—a female presented by

Sir A. Smith. This record has never been supported. Boulenger only repeats Giinther's

record, as does Fletcher (1898: 665). The frog is almost certainly hurrowsi. Lucas

(1896: 47) reports peronii from north-west Victoria. There seems no doubt from the

original description that De Vis' rotliii (1884: 66) is a synonym of peronii. It was
hased on four specimens from Mackay. Boulenger (1885: 387) strongly criticized

De Vis' work and placed rothii in the synonymy of peronii. Eight specimens in the

Australian Museum from the Herbert River are tagged "v. rothii" and fall perfectly

well within the range of peronii. Fletcher (see synonymy) has about 24 references to

the species dealing with breeding and other habits and distribution. He discusses

(1898: 669) the difficulties of describing webbing and of using it as a diagnostic

character. Nieden (1923: 224) follows Boulenger (1882: 390) fairly closely, but notes

that the snout may be slightly longer than the orbital diameter, the interorbital space

"broader than an upper eyelid, and several other small differences. Chisholm (1925: 62)

describes a frog from the Comboyne Plateau as biscuit-coloured with punctiform

markings of green all over its dorsal surface and with orange yellow and black

thigh markings. Mitchell (1955: 404) says that his frogs from Tailem Bend, S.A., are

not distinguishable from northern and eastern Australian specimens except for a

darker and niore variegated colour pattern. Frogs are much more brightly coloured

in life than would be suspected from museum specimens. Dorsal surfaces may be

yellowish, brownish, reddish, or ash or silver grey. There are often vivid green dots

or ovals, and jet black dots on the back. The underside may be creamy pink, pale pink,

a deep clear yellow, and there is not uncommonly much rusty red. Andersson (1913:

21) reports six specimens from the Kimberley Division, Jedda, and Noonkambah in

the St. George Range, all in Western Australia. He considered naming them as a

separate race on the grounds of the snout being considerably longer than the orbit,

the interorbital space much broader than the upper eyelid, and the vomerine elevations

small, rounded, and smaller than the choanae, but because of the "great variation of

this species" did not do so.

Hyla bueeowsi Scott.

Synonymy and references: Hyla peronii (non Tschudi) : Giinther (1858: 113);

Boulenger (1882: 391); Krefft (1866: 18-20: 1869: 93); Fletcher (1898: 665); Lord and
Scott (1924: 101); Loveridge (1934: 56). Hyla burrowsi: Scott (1942: 5, 7).

Scott's original description (1942: 7) reads: Hyla hnrroiosi, sp. nov. (Plates I-III).

? Hyla peronii Giinther (non Dumeril and Bibron), Cat. Batr. Sal. Brit. Mus., 1858,

p. 113 (adult Tasmanian specimen, presented by Sir A. Smith, only). ? Id. Boulenger,

Cat. Batr. Sal. S. Ecaud. Brit. Mus., 1882, p. 390 (same Tasmanian specimen only).

Diagnosis. A medium-sized, slender, non-litorian Hyla, entering subsection B, 2, a, /3 in

key to Australian species of the genus by Boulenger (1882, p. 347). Distinct web
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between fingers. Head longer than broad. Tongue subcordate. With hindlimb adpressed,

tibio-tarsal articulation reaches nostril, or between nostril and eye. In alcohol, above

green, with or without greyish, or greyish and dark bluish, marblings: below whitish

or pale brownish, immaculate, except for part of throat, which is greenish, marbled

with grey: hinder aspect of thigh brownish, immaculate, or with a few obsolescent

whitish spots. Description. Size moderate; habit rather slender, non-litorian. Tongue

subcordate, somewhat constricted at about its anterior one-fourth with formation of a

rather narrow lobe, shallowly nicked where it overlies mandibular symphysis; free,

and very slightly, or slightly, nicked behind (Plate III, fig. 3). Vomerine teeth in two

suboval series between choanae, the tooth-line on a level with, or slightly behind, level

of choanae. Teeth-series a little oblique, convergent posteriorly; contiguous (female;

Plate III, fig. 2) or separated (male; Plate III, fig. 1) by from one-half to two-thirds

of width of one group: each series with about 7-9 mostly closely set, rather blunt,

subtuberculate, slightly recurved teeth (Plate III, fig. 4). Head moderate, 2-4-2-5

in total length; 1-2-1-3 times as long as broad. Snout rounded; profile squarish, anterior

profile nearly vertical, gently convex; 4-3-4-4 in head; 1-1-1-2 times eye, subequal to

orbit. Canthus rostralis straight; angular and very distinct (male), or rather rounded,

only moderately distinct (female). Loreal region oblique, concave. Interorbital space

flat; measured between bases of ocular capsules, interorbital 1-4-1-6 times eye, slightly

exceeding length of upper eyelid; measured between anterior canthi, 2-3-2-4 times eye.

Direct distance from nostril to eye less than diameter of eye, slightly greater than

internarial distance. Tympanum distinct (female), or fairly distinct (male); about

half eye. Forearm l-O-l-l in upper arm (axilla-joint), 5-1-5-3 in total length. Hand
(Plate III, fig. 5) rather slender. No distinct rudiment of pollex. Fingers with distinct

web. With digits, in sequence from preaxial border of limb, designated I (pollex),

II, III, etc., and phalanges, in sequence from proximal phalanx, i, ii, iii, etc., and with

extent to which phalanx is webbed indicated by 1-0 (fully webbed), 0-5 (one-half

webbed), and so on, a quantitative expression of the webbing is given by the formula:

II i, 1-0 and III i, 1-0: III i, 1-0 and IV i, 0-0 (one specimen 0-1) : IV i, 0-1 and V i, 0-3.

Hence average extent of webbing is 0-6 of phalanx. The separation, in their distal

one-third, of metacarpals relating to digits IV and V admits of the formation here of

a web with depth exceeding half eye-diameter. With adjacent digits adpressed, tip

(including disk) extends: II to III ii, 0-3: III to IV ii, 0-5: V to IV ii, 10. Disks

larger than those of toes, three-fifths eye. Subarticular tubercles prominent. A very

strong transverse fold on wrist. With hindlimb adpressed to body, tibio-tarsal articula-

tion reaches nostril, or between nostril and eye. Thigh (groin-joint) 1-1-1-2 in lower

leg, which is 1-9-2-0 in total length. Foot (Plate III, fig. 6) fairly broad. Toes strongly

webbed: I ii, 0-5 (one specimen 0-9) and II i, 1-0; II i, 1-0 and III ii, 1-0 or 09: III iii, 05
(one specimen 1-0) and IV ii, 1-0 or 0-9: IV ii, 1-0 or 0-9 and V ii, 1-0 (one specimen
0-7). Hence average extent of webbing is 1-5-1-6 phalanges. Along preaxial border

of II, III, IV web is continuous with narrow fringe extending to disk. From preaxial

border of I i a distinct web runs to the (single) large metatarsal tubercle, which,

standing out approximately parallel with the digit, functions as a pre-hallux: from
tubercle, whose tip is just free of webbing, the web, continuing towards body, shortly

merges into the well-developed tarsal fold. With adjacent digits adpressed, tip

(including disk) extends: I to II ii, 0-5-0-6: II to III ii 0-7-0-8: III to IV ii, 0-9-iii, 0-1:

V to VI ii, 1-0-iii, 0-5. A thin slip of ordinary integument, concolorous with that on

dorsum of metatarsus, runs from near base of digit IV to outer margin of web between

IV and V: a less distinct, smaller, elongately triangular slip, almost concolorous with

web, on outer part of web between IV and III. Subarticular tubercles fairly prominent.

Outer metatarsals fully united. Upper surfaces quite smooth, or with a few small

scattered tubercles. Belly, chest, throat, underside of thighs granulate: chin smooth.

Fairly strong fold from eye, over tympanum, to shoulder, where it meets a pronounced

glandular fold from angle of mouth. More or less distinctly glandular lateral fold

from axilla to, or nearly to, groin. Slight or moderate fold across chest. An apparently

glandular region along postaxial border of forearm. Male with internal subgular sac.
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There is considerable variation in the dorsal colour-pattern, particularly on the body

(Plate II, figs, la, 2a, 3a). In alcohol, upper surface of head and body of female

dark olive, immaculate: of male dark green, mottled, slightly on head, heavily in

hinder one-third of body, with greyish; or dark bluish, with large irregular patches

of green, most numerous on head, and with smaller, scattered whitish (in occipital

region somewhat brownish) marblings. Excluding digits, upper surfaces of limbs of

female olive, immaculate; an irregular yellowish streak along hinder edge of upper

aspect of thigh: of male marbled with dark bluish and pale greyish, and with

numerous largish green blotches. In hand digits II and III of medium brown, the

latter digit slightly marbled proximally with lighter (in both sexes) ; IV and V,

greenish with some fawn mottling distally in female; mottled whitish, and greenish

or dark grey in male. In foot digit I brown, immaculate; II brown, moderately mottled

with fawn: III brownish or dark grey, mottled with fawn: IV and V in female greenish,

slightly mottled with fawn; in male dark bluish grey, heavily mottled with pale greyish.

The green patches on upper surfaces of head, body, and limbs commonly have a some-

what lichenoid facies, suggestive of their being, as it were, plastered on. A narrow

dark streak along canthus rostralis. From below eye to beyond angle of mouth a

bright green, or yellowish green, region, which in female, but not in male, expands

posteriorly to delimit hinder border of tympanum. From just behind tympanum to,

or nearly to, groin a lateral band of dark, somewhat bluish grey, with numerous,

generally longitudinally elongate, whitish spots, which may anastomose to form lines

or reticulations: this band bordered above by an obscure stripe of green paler than

that on back. Groin immaculate, pale brown or flesh-colour. Belly and chest light

brownish: chin, and in female and in one male forepart of throat, greenish, mottled

with greyish white (Plate II, figs, lb, 2b, 3b). Lower surfaces of limbs chiefiy yellowish

flesh colour or pale brownish. No dark rugosities on digit II of males taken in

January. Glandular region surrounding vent dark slate-grey, spotted with white or

light brown: a very small reddish brown spot just above vent usually present. Hinder

side of thighs light brownish or dark brown: immaculate, save for presence, in one

male, of a few very small obsolescent whitish spots.

Types, described and flgured from the holotype male (Q.V.M. Reg. No. 1941.41),

54-0 mm. in total length (snout-vent); the allotype female (Q.V.M. Reg. No. 1941.40),

50-0 mm. in total length; and a paratype male (Q.V.M. Reg. No. 1941.42), 51-5 mm. in

total length. Donated by Miss M. Burrows, in whose honour the species is named. An
additional specimen (Q.V.M. Reg. No. 1941.51), which was obtained by Miss Burrows

in the gorge of the Fury River, Cradle Mount-Lake St. Clair Scenic Reserve, in January,

1940, and which escaped from captivity, to be found again some months later in a

dried state, has also been examined.

Locality. Cradle Valley, Tasmania. Female and smaller male collected clinging to

button-grass, Gymnoschoenus sphaerocephalus Bentham, on edge of small pond near

Dove Lake, 7th January, 1941, approximate altitude 3100 feet: larger male from pond

near Wombat Tarn, between Lake Lilla and Crater Lake, 15th January, 1941, approximate

altitude 3300 feet.

Description of paratype No. R.12, 563, an adult male, Dove Lake, Cradle Valley, T.,

7.1.1941 (Miss M. Burrows) :

Habitus elongated with large head and rather narrow body, limbs well developed;

total length of head and body 51 mm.; head subtriangular, somewhat broader than

long (17-5 X 15 mm,); snout short (6-5 mm.), 1-2 times diameter of eye (5-5 mm.),

rounded when seen from above, high and almost vertical in profile, projecting slightly

beyond lower lip; canthus rostralis angular, distinct; lores oblique, slightly concave;

interorbital width 1-3 times that of an upper eyelid (5 to 3-75 mm.), top of head

flattish with very prominent eye bulges; internasal space 4 mm.; diameter of the

eye a trifle more than its distance from nostril; tympanum rather small, indistinct,

directed slightly upward, contained in diameter of eye exactly twice (2-75 to 5-5 mm.)

;

a thick well-defined supratympanic fold continuing laterally to near groin.
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Skin above fairly smooth with many quite small low tubercles; sides of body rough;

chin, belly and undersides of thighs coarsely granulate; limbs except for thighs smooth;

a distinct fold across breast; a small anal flap.

Forelimb moderately robust and fairly long (33 mm.), 65% of length of head and

body; hand 16-5 mm.; finger discs well developed, slightly wider than long, equal in size

to tympanum; fingers in order of length, 1,2,4,3; extent of webbing between fingers,

33, 21 and 20%; proximal fringe on 3rd finger, otherwise negligible; subarticular

tubercles distinct, transversely rounded, one on 4th finger divided; palm warty; thumb

broad at base.

Hindlimb well developed, length (86 mm.) 169% of head and body; femur 25 mm.,

tibia 25 mm., foot 36 mm.; heel reaches to between eye and nostril; toe discs rather

small, roundish, indented below, a little smaller than tympanum (2-5 to 2-75 mm.);

toes in order of length, 1,2,3=5,4 on left foot (right is evidently abnormal, 1,2,4=5,3,

although the disc on the 4th is apparently normal); extent of webbing between toes,

60, 67, 73 and 74% (here again the right foot is abnormal with the web between the

3rd and 4th toes extending fanwise beyond the disc of the 4th); toes narrowly fringed;

subarticular tubercles rounded, distinct but not very prominent; sole small and fairly

smooth; inner metatarsal tubercle large and elongated, no outer tubercle.

Vomerine elevations paired, well separated, reasonably rounded but a little elongated

transversely, anterior borders of elevations in advance of line joining anterior margins

of choanae, but as these are small the elevations also overlap the line joining the

posterior margins; tongue subcircular, free and nicked behind, a little less than width

of mouth; no external subgular vocal sac.

Dorsal colour dark olive with obscure light markings which become more prominent

on the limbs and upper parts of the sides; ventral surfaces yellow.

Specimens examined and Locality Records: 1 (R.12563, A.M.) Dove Lake, Cradle

Valley, T. (M. Burrows), 7. i. 1941; 2 (1942.38, 1942.271, Q.V.M.) Cradle Valley, T.

(M. Burrows).

See also Scott in his description. The three specimens above have been examined.

Vaviation.^Scott has not confined himself to the type in his original description

but pays considerable attention to variation. In the three specimens examined the

posterior surfaces of the thighs are all perfectly plain except for a small bluish extension

from the dorsum about the vent. The dorsum of R.12563 is mottled dark greenish grey

on light yellowish-grey, in 1942.271 it is nearly uniform greenish-grey, and in 1942.38

it is almost uniform bluish with obscure darker mottling. All are yellowish below

with a little dark reticulation about the chin. 1942.271 has peculiar, round, yellow

lichenoid pustules strongly developed on the dorsal surface of the left tibia and to

a lesser extent on the thigh and back. Webbing is fairly constant; that of R.12563, 1942.38

and 1942.271 being respectively for the fingers 33, 21 and 20%; 33, 17 and 18%; 30, 21

and 19%; and for the toes 60, 67, 73 and 74%; 55, 63, 72 and 67%; 60, 71, 72 and

67%. No toes are webbed to the discs except the 2nd on the medial side in 1942.38

and 271. Subarticular tubercles are strongly developed in all, and the inner metatarsal

tubercle is elongated and prominent. In these two specimens the vomerine elevations

are much as in R.12563 but a little oblique, and the heel just reaches to the anterior

corner of the eye.

Discussion.—Scott's new species is the first frog to be described from Tasmania
for three-quarters of a century. It has apparently a very restricted range, being known
only from Cradle Valley. Sir A. Smith's specimen presented to the British Museum
and noted by Giinther (1858:113) in his catalogue as peronii seems to have been the

unique frog to have been collected until Miss M. Burrows secured her series in 1940

and 1941. Scott's very full description is accompanied by a discussion of systematic

position, relationship to other Tasmanlan forms, and notes on colour in life. Burrowsi

can at once be separated from peronii by the absence of the characteristic black and

yellow markings on the posterior surfaces of the thighs of the latter.
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Hyla phyllochroa phyllochroa Giinther.

Synonymy and references: Calamites cyaneus (part): Fitzinger (1860: 413).

Hyla phyllochroa: Giinther (1863:251); Krefft (1865:18,19); Steindachner (1867:61);

Keferstein (1868b:281); Boulenger (1882:382); Fletcher (1889:359, 367-8, 371, 382-3;

1890:670-1; 1891:263; 1892:12; 1894:527, 530-1); Nieden (1923:232); Loveridge

(1935:42).

Giinther's original description (1863: 251) reads: Hyla phyllochroa, n. sp. (PI. XXX,
figs. C, c).—Snout rather short, broad, with the canthus rostralis angular. The vomerine
teeth form two very small groups, situated behind the level of the hinder edge of the

inner nostrils. Tympanum distinct, much smaller than the eye. Tongue scarcely notched
behind. Perfectly smooth above; belly granular; a fold across the chest. Fingers

one-fourth webbed; the membrane between the toes does not extend to the terminal

disk. Uniform green above, white below; a very narrow, slightly prominent black line,

edged with yellow superiorly, runs from the eye, above the tympanum, to the side

of the body, where it is lost. Besides the living specimen in the Society's menagerie,

I have examined three others in the British Museum (two from Sydney, received

through Messrs. Cuming and Krefft, and one from Errumanga, New). This species

possesses the faculty of changing its colours only in a slight degree; it is generally

of a uniform light sap-green, which, under certain circumstances, becomes darker.

I have not heard a voice from it. Those in the British Museum are females; the largest

has the ovaria fully developed, and measures 17 lines from snout to vent; the hind leg

29 lines.

Description of a topotype. No. A.C.6146, an adult female, Warrawee, Sydney, 12.X.1956

(Miss Christina Copland) :

Habitus slender with long limbs, length of head and body 38 mm.; head almost

semicircular, about as broad as long (13 x 12 mm.); snout rather short (6 mm.), but

the curved canthus rostralis makes it prominent, one and a half times diameter of -eye

(4 mm.), rounded when seen from above, truncated and almost vertical in profile,

extending very little beyond lower lip; canthus rostralis curved, distinct and angular;

lores only very slightly concave, almost flat and sloping inwards from jaw to canthus

rostralis; interorbital width about 1-5 times that of an upper eyelid (4 to 2-75 mm.1,

top of head nearly flat between prominent eye bulges; internasal space 2-75 mm.;
diameter of eye slightly more than its distance from nostril, tympanum distinct, quite

smooth and flat, directed very slightly upwards, contained in diameter of eye twice

(2 to 4 mm.), distance from eye 1-25 mm.; a low angular supratympanic ridge from eye

to above shoulder.

Skin smooth generally, but uniformly and minutely pitted; chin and throat finely

granulate; abdomen more coarsely granulate; posterior surfaces of thighs smooth

except for proximal sixth of each which together form a strongly granulated squarish

patch; otherwise limbs smooth; no chest fold; anal flap very small.

Forelimb slender and long (23 mm.), 61% of length of head and body; hand 11 mm.;
finger discs rounded, about same size as tympanum (2 mm.) ; fingers in order of length,

1,2,4,3; fingers distinctly webbed at base, extent of webbing, 28, 21 and 19% ; subarticular

tubercles small and rounded; palm partly granulated; thumb not enlarged.

Hindlimb long and slender, length (61 mm.) 161% of head and body; femur 17 mm.,

tibia 20 mm., foot 24 mm.; heel reaches to between eye and snout; toe discs small,

slightly longer than wide, much smaller than tympanum (1-25 to 2 mm.) ; toes in order

of length, 1,2,3=5,4; extent of webbing between toes, 67, 62, 67 and 57%; toes with very

narrow fringes; subarticular tubercles rounded, flattened but fairly prominent; sole

fairly smooth except for a few small distinct supernumerary tubercles arranged longi-

tudinally; inner metatarsal tubercle elongated and prominent, no outer tubercle.

Vomerine elevations paired, quite small, rounded, narrowly separated, each about

the same size as one of the choanae, which are rounded, widely separated from choanae,

and placed entirely behind them; tongue slightly elongated, free and hardly indented

behind, only occupying about half width of mouth at angle of jaws; no external vocal sac.
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Dorsal colour bluish-green; chin and throat brown infuscate; belly and limbs

ventrally white; a golden or whitish line along canthus rostralis and supratympanic

ridge; sides purplish brown flecked with white; front of thighs and practically the

whole of posterior surfaces purplish.

Specimens examined and Locality Records: 5 (R.199, A.M.) Kangaroo Valley, Moss

Vale dist., N.S.W. (Grant), Jan., 1888; 1 (R.4224, A.M.) Blue Mts., N.S.W. (Thos. Steel),

Oct., 1908; 2 (R.4263, A.M.) no data; 1 (R.4340, A.M.) Killara, Sydney, N.S.W. (Dene

Fry), Feb. 9, 1909; 5 (R. 4344-8, A.M.) Woodford, Blue Mts., N.S.W. (Dene Fry), Feb.,

1909; 1 (R.4365, A.M.) Bundanoon, N.S.W. (E. C. Ross), Feb. 9, 1909; 1 (R.4478, A.M.)

Seven Hills, Parramatta, N.S.W. (E. C. Ross), May, 1909; 1 (R.4669, A.M.) Woonona,

nr. Bum, N.S.W. (H. L. Coleman), Feb., 1910; 1 (R.5107, A.M.) Sydney, N.S.W. (H. J.

Mellor), Jan., 1911; 1 (R.5850, A.M.) Lindfield, Sydney, N.S.W. (D. B. Fry), Aug., 1912;

6 (R.7384-5, A.M.) Burrawang, 20 m. inland from Illawarra, 2000 ft. (J. J. Fletcher),

Nov., 1921; 1 (R.7524, A.M.) Moss Vale, N.S.W. (J. J. Fletcher), Feb., 1922; 1 (R.8637,

A.M.) Bundanoon, N.S.W. (J. J. Fletcher), Dec, 1924; 2 (R.10563, A.M.) Stanwell Park

Creek, N.S.W. (Schevill), 1932; 1 (R.10965, A.M.) no data; 2 (R.11869, A.M.) Heronbrook,

N.S.W. (Troughton and Musgrave), 1926; 3 (R.12637-8, A.M.) Lowana, Dorrigo, N.S.W.

(Mel. Ward), Jan., 1943; 3 (R.12747, A.M.) Lowana, N.S.W. (Mel Ward), Dec, 1943;

1 (R.12787, A.M.) Mt. Irvine, N.S.W. (E. L. Troughton), July, 1944; 1 (4263, A.M.)

Bundanoon, N.S.W.; 2 (7176, 7178, A.M.) no data; 1 (7179, A.M.) no loc (G. Krefft);

1 (A.C.3113) Minnamurra Falls, N.S.W., 27.ix.1946; 17 (A.C.4134, 4831-2, 5415-8, 5487-9,

6065, 6068, 6071-2, 6077) Warrawee, N.S.W. (J. and C. Copland), 26.ix.l948-12.x.l956;

4 (A.C.6112-5) Turramurra, N.S.W., 22.vii.1956; 1 (A.C.6120) Bobbin Head, near

Sydney, N.S.W., 31.viii.l956; 2 (A.C.6145-6) Warrawee, N.S.W. (Christina Copland),

12.X.1956; 1 (D.3275, N.M.) Australia; 1 (M.C.Z.3608) Woodford, N.S.W. (Australian Mus),

1914; 1 (M.C.Z.18040) Hornsby Gorge, N.S.W. (P. J. Darlington), 1931; 1 (M.C.Z.18526)

Blackheath, N.S.W. (P. J. Darlington), 1932; 1 (M.C.Z.19253) National Park, Q. (F. N.

Blanchard), 1928 (last four localities vide Loveridge (1935: 42)); Sydney and

Errumanga, both N.S.W., the three cotypes, vide Giinther (1863: 251); Dunoon, N.S.W.,

and between Tomerong and Nowra, N.S.W., vide Fletcher (1891: 263 and 1894: 527).

All specimens listed from the Australian Museum, except R.4344-5, have been

examined, making a total of 66 seen.

Variation.—The head is always about as broad as long. In the author's 25 specimens,

18 frogs had the head slightly broader while in seven cases the length and breadth

measurements were equal. The snout is only rarely as short as the diameter of the

eye. It may be 1-5 times as long, but the average is 1-2. The upper eyelid is usually

contained about 1-5 times in the interorbital space, but in a few frogs with very

prominent eye bulges the ratio is little more than unity. The diameter of the eye

is always greater than its distance from the nostril, sometimes only slightly but

normally quite markedly. The tympanum can only be termed distinct in about one-half

the frogs. It is covered completely or to some extent by the surrounding granular

skin, but can usually be made out in certain lights. In A.C.6112 it is practically

Indistinguishable. The tympanum is always small and contained twice in the diameter

of the eye very consistently, but in two or three cases 2-5 times. The ratio of the" length

of the forelimb to that of head and body shows little variation with an average of

649f and a range of 60 to 68%. The amount of webbing between the fingers is

remarkably constant. That between the 2nd and 3rd fingers varies only 5% between

20 and 25% with an average of 22%. The finger discs are often much larger than

the tympanum. They exceed it in 90% of cases and equal it in the rest. The hindlimb

averages 169% of the length of head and body with a range of 159 to 177%, except

in A.C.6114, where it is 184%. Combined femur and tibia measurements to the length

of head and body are remarkably consistent. In 60 % of frogs the heel reaches to within

2 mm. of the tip of the snout, and in the remainder to about the same distance in

front of it. Toe discs are equal in size. to the tympanum in 70% of individuals, larger

in 20% and less in 10%. Webbing between the 3rd and 4th toes averages 73% with
the range between 67 and 80%. - There is a good deal of variation in the vomerine
elevations, but all are distinctly behind the choanae, except in one of the R.12747 frogs
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where the left half is set abnormally in front of the right one. A very few have a

tendency to become oval and transverse. The 23 specimens in the author's collection

from Warrawee and Turramurra, which adjoin, give some indication of the variability

of this character. Five agree quite well with A.C.6146 of the standard description

making six with the rounded elevations each about the size of one of the choanae;

12 frogs have them very or extremely small and widely separated; A.C.5415 has the

right one missing and the left extremely small, while A.C.6065 has the left missing

and the right small; lastly, the elevations are absent in three specimens. Of 41

specimens examined in the Australian Museum, 21 agreed with A.C.6146 while the

other 20 were smaller. R.5107 resembles A.C.6065 in having the left half missing.

The dorsal colour is bluish (or bluish-green) or much more rarely brown, except in

two specimens, 7178 and A.C.5487, where the whole dorsum is a reddish mulberry.

Only two specimens are really brown but about half a dozen others have this colour not

so well developed. Preservation tends to convert the brown colour, which is quite

common in life, to bluish. It may be noticed that in a mating pair the male A.C.6145

was brown and the female A.C.6146 leaf green. The purple of the thighs and ventral

margin of the lower jaw is often modified to a tone of squashed mulberry. The thighs

are sometimes without a trace of this colour and are then whitish or yellow. In 25

frogs, 10 had the throat heavily coloured, six were lightly coloured, while nine were

immaculate white except for an occasional very narrow margin. The majority of all

specimens are immaculate white or yellow below. The Minnamurra Falls specimen

and a few others have the underside of the thighs bright yellow. There is no wide,

white line along the upper jaw or a continuation to the shoulder. At most there is

a thread-like margin to the jaw not extending back past the mouth. The thin white

line, generally gold in life, from the nostril and continued behind the eye along the

supratympanic ridge is often very distinct even when very narrow. It is not very

conspicuous in a few specimens but always present. The line may not extend quite

to the nostril. The narrow stripe under the white one is often jet black and most
prominent. The largest frog seen was 40 mm. from snout to vent, while several

measured between 36 and 38 mm. Giinther's type was about 36 mm. and Loveridge's

Woodford specimen 41 mm.
Discussion.—Giinther's type description (1863: 251) is very clear and diagnostic.

He preceded it with a fairly detailed account of the behaviour and feeding habits of

phyllochroa, which he observed with other Australian frogs in the Regent's Park
Gardens as well as in his own home. Krefft (1865: 19) noted that the species frequented

fern groves. Steindachner (1867: 61) gives a good description of four frogs, including

two typical specimens from Sydney. Nieden (1923: 232) follows Boulenger (1882: 382)

closely. Both say that the snout is as long as the diameter of the orbit, but it is

rarely so short if measured from the tip of the snout to the anterior corner of the eye.

I think Boulenger followed a different method at least occasionally. Fletcher (see

synonymy) has more than a dozen references to distribution and breeding and other

habits. Phyllochroa has a range of about 700 miles along the narrow coastal strip

from Tomerong, a little more than 100 miles south of Sydney, to the Macpherson
Ranges about 600 miles north. Fletcher records specimens collected by Helms at Dunoon
(1891: 263) and Loveridge lists an M.C.Z. specimen collected by Blanchard in the

National Park, Queensland, just over the border from New South Wales. It occurs

at Bundanoon and other places on the tablelands and is often seen in the Blue

Mountains, but does not appear to extend west beyond the moist, shady gullies of the

highlands. Phyllochroa is very common at Warrawee and other suburbs on the north

side of Sydney Harbour. Its pleasant, rather insect-like skirring call, generally repeated

twice, can often be heard at the approach of a shower and on damp evenings.

Hyla phyllochroa baeringtonensis, subsp. nov.

Specimens examined and Locality Record: 2 (R.9502, A.M.) Cutler's Pass, Williams

River, N.S.W. (A. Musgrave and T. Campbell), 23-30.X.1926.

Discussion.—This subspecies is sharply separated from the typical one by the

punctate dorsum. Both specimens examined were juveniles. They are very granular

below, and dorsally are only bluish about the head. The rest of the dorsum is brown
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with about 20 jet black dots the size of pin's heads scattered all over the back, but

concentrated a little on the head, in the larger specimen, R.9502A, which is the type.

There are four dots on the smaller individual R.9502B, the paratype. In the type the

vomerine elevations are rounded, well separated and about half in advance of a line

joining the posterior borders of the choanae. The elevations are missing in the

paratype, which accounts for their identification as "Hylella Mcolor" written on a tag

in the tube with them. The eye bulges are very distinct and the snout projecting in

both specimens, also the canthus rostralis is rather deeply curved inwards. The frogs

are immaculate yellow below. The type measured 20 mm. from snout to vent, the

paratype 17 mm. p. barringtonensis is very close to the typical p. phyllochroa in all

other characters, including the gold line from the nostril along the canthus rostralis

and supratympanic ridge. The field note reads "found close together on bark of tree".

Hyla eubella Gray.

Synonymy and references: Hyla rubella: Gray (1842: 57); Gunther (1858: 111;

1867: 56); Keferstein (1868a: 357; 18686: 283); Boulenger (1882: 405); Fletcher (1890:

667, 673, 675; 1891: 272; 1892: 12, 13; 1894: 530; 1898: 669, 672, 681-3); Spencer

(1896: 170); Lucas and Le Souef (1909: 291); Andersson (1913: 22; 1916: 15); Pry

(1914: 209); Kampen (1923: 27-8, 62); Nieden (1923: 225); Buxton (1923); Loveridge

(1935: 42; 1949: 214); Glauert (1945: 379); Whitley (1947: 53); Main (1954: 118);

Mitchell (1955: 404). Hyla nigrogularis : Krefft (in lit.), vide Keferstein (1868a: 358).

Gray's original description (1842: 57) reads: Hyla rubella. Reddish grey, in spirits;

a broad band from the nostrils on the side of the face and along each side of the body

purplish: chin, underside of body and limbs whitish, granular: skin smooth: eyes large:

the front toes nearly free, the hinder ones more than half webbed; toe-disks moderate:

tympanum distinct, sunk: the palatine teeth in 2 small groups, between the inner

nostrils. Var. back whitish grey, reddish dotted. Inhabits the North coast of Australia;

Port Essington.

Description of R.12810A in the Australian Museum, an adult female, "Welby",

Nyngan, N.S.W. (M. Mankin), Oct., 1944:

Habitus small and stocky, total length of head and body 36 mm.; head subtriangular,

about as long as wide (10 x 11 mm.); snout short (5 mm.), 1-7 times diameter of

eye (3 mm.), rounded both in profile and when seen from above, extending noticeably

forward with nostril in front of lower lip; canthus rostralis straight, short, moderately

angular; lores flat, receding obliquely; interorbital width about 1-4 times that of an
upper eyelid (3-75 to 2-75 mm.), top of head flat between prominent eye bulges;

internasal space 2 mm.; diameter of the eye equals its distance from nostril; tympanum
very distinct and slightly sunken, directed slightly upward, contained in diameter of

eye 1-5 times (2 to 3 mm.), distance from eye 1 mm.; a low and short supratympanic
fold encroaching somewhat on the upper margin of tympanum.

Skin above roughened by many closely-set, low, small warts; whole of ventral

surface of body and thighs except for narrow margin of lower jaw rather coarsely

granulate; limbs smooth except for slight wartiness of forelimb and extension of

granular area quite widely up to vent; prominent narrow pectoral fold; small anal flap.

Forelimb moderately robust and short (19 mm.), 53% of total length of head and

body; hand 9 mm.; finger discs well developed, wider than long, same size as tympanum
(2 mm.) ; fingers in order of length, 1, 4, 2, 3, 4th and 2nd nearly equal; webbing

between fingers confined to junction of the narrow fringes, except for rudiment between

3rd and 4th; one prominent subarticular tubercle on each of four fingers; palm granular,

three coalesced tubercles form a large triangular patch on the postaxial side; thumb
with a large pad along which a large, elongated, strongly projecting tubercle is set

on the preaxial side.

Hindlimb strong and rather short, length (49-5 mm.) 138% of head and body;

femur 15-5 mm., tibia 14 mm., foot 20 mm.; heel reaches to front of shoulder; toe discs

well developed, wider than long, equal to those of fingers and to tympanum (2 mm.);
toes in order of length, 1, 2, 3 = 5, 4; extent of webbing between toes, 40, 54, 61 and 70%;
all toes very decidedly fringed to discs; subarticular tubercles rounded and prominent;
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sole furrowed and granular; a preaxial tarsal fold; inner metatarsal tubercle elongated

and distinct, but only about half size of one on thumb; outer tubercle rounded, small

but distinct, in line with 4th toe.

Vomerine elevations paired, small, rounded, distinctly separated; behind, but just

touching line joining the posterior margins of the very small, round choanae; tongue

heart-shaped with a deep groove at the posterior free end, large and nearly as wide

as the mouth at angle of jaws.

A light reddish-brown band as wide as the space between the eyelids extends the

whole length of the body; a wide, much lighter, creamy-brown band, tapering off at

each end, occupies the remainder of the dorsum on both sides; a blackish-brown

dorsolateral band, which dies out before the groin, begins on the head, where it

occupies the whole width between the mouth and the nostril; ground colour of the

limbs is much the same as the dorsal band; the head, body and limbs are speckled

with blackish, and there are three or four large, irregular dark patches bounding each

side of the dorsal reddish band; behind the thighs there is a wide area near the vent

medium brown speckled with white granules; distally the ground colour of the thighs

is pale creamy yellow with much medium brown occurring as stippled patches; the

ventral colour is light yellow.

Specimens examined and Locality Records: 4 (R. 882-5, W.M.) Mileura Stn., W.A.

;

31 (R.1653, R.1692, R.2652-2662, R.2664-2681, W.M.) Landor Stn., Upper Gascoyne, W.A.;

1 (R. 2696, W.M.) Mt. James Stn., W.A.; 1 (R.4042, W.M.) Well 5, Canning Stock

Route, W.A.; 1 (R.5010, W.M.) Millstream Stn., W.A.; 1 (R.6213, W.M.) no data;

2 (R.7515-6, W.M.) Belele Stn., W.A.; 27 (R.8320-45, W.M.) Windich Spring, Canning

Stock Route, W.A.; 2 (R.8444-5, W.M.) Wandagee Stn., W.A.; 12 (R. 9201-12, W.M.)

Watjulum Mission, W.A.; 6 (R.10325-30, W.M.) Fitzroy River, W.A.; 8 (R.10568-74,

R.10614, W.M.) Minilya Stn., W.A.; 1 (10494, W.M.) Napier, Broome Bay, W.A.;

2 (D.3259-60, N.M.) Charlotte Waters, C.A.; 2 (D.8743, D.8764, N.M.) St. George, Q.;

2 (J.469-70, Q.M.) Bundaberg, Q.; 1 (J. 652, Q.M.) Brisbane, Q.; 2 (J.2194, J.2196, Q.M.)

Eidsvold, Q.; 2 (J.2554, J.2556, Q.M.) Gyranda, Q.; 2 (R.2715, S.M.) Banka Banka, N.T.

(R. V. Southcott), 30.iv.l942; 12 (R.3429, S.M.) Aroona Waters, S.A. (P. F. Lawson),

2.V.1953; 3 (R.3595, S.M.) Botanic Gardens, Darwin, N.T. (G. F. Gross), 27.X.1953;

2 (R.3755, S.M.) Mouth of Italowie Gorge, Flinders Ranges, S.A. (F. J. Mitchell),

29.X.1955; 2 (R.3791, S.M.) Avenue Range, S.A. (D. J. Barrett), 2.iii.l956; 4 (R.2123-6,

A.M.) Central Australia (W. Horn), Dec, 1896; 2 (R.4299-4300, A.M.) Darling River

floods, N.S.W. (Helms), May-June, 1890; 3 (R.5032-4, A.M.) Gladstone, Port Curtis, Q.

(D. B. Fry), Oct., 1910;4 (R.5264-5, A.M.) Port Denison, Q.; 2 (R.5340-1, A.M.) Eidsvold,

Q. (T. J. Bancroft), 1911-3; 1 (R.5865, A.M.) Brisbane, Q. (McCulloch and Troughton),

Sept., 1912; 1 (R.6525, A.M.) Sylvania, Q. (F. L. Berney), Sept., 1915; 2 (R.6781-2, A.M.)

Flinders River, Q. (F. L. Berney), Sept., 1915; 1 (R.6985, A.M.) Kimberley Dist., W.A.
(H. Basedow), Apr., 1917; 1 (R.7406, A.M.) Bearbong, Mundooran, N.S.W. (J. J.

Fletcher), Nov., 1921; 4 (R.7570-1, A.M.) Dandaloo, N.S.W. (J. J. Fletcher), Feb., 1922;

1 (R.9409, A.M.) Ashford Downs, N.S.W. (B. Morrisby), Dec, 1927; 1 (R.9551, A.M.)

Topar Stn., near Broken Hill, N.S.W. (J. R. Kinghorn), 1928; 6 (R.10309, R.10312, A.M.)

17 m. E. of Dajarra, Q. (T. Hodge Smith), Dec, 1930; 1 (R.10971, A.M.) Whin Creek,

Roeburne, W.A. (M.C.Z.), 1933; 14 (R.11353, R.11355-7, A.M.) Alexandra Stn., N.T.

(Troughton and Fletcher), 1934; 1 (R.11603, A.M.) Pilliga, N.S.W. (S. Benney),
2.vii.l935; 1 (R.11783, A.M.) The Plains, Nyngan, N.S.W. (D. Wass), Mar., 1936;

8 (R.12808-10, R.12816, A.M.) Welby, Nyngan, N.S.W. (M. Mankin), Oct., 1944; 1

(R.12922, A.M.) Quamby, Q. (H. Williams), Sept., 1945; 1 (R.13636, A.M.) East Alligator

River, N.T. (J. E. Bray); 1 (R. 14685, A.M.) Mootwingie Waterholes, N.S.W. (R.

MacKay), Nov., 1955; 3 (7393, 7395, 7399, A.M.) no data; 3 (A.C.602-4) 1 m. S. of

Hivesville, Q., Il.xi.l939; 9 (A.C.3458, 3460-4, 3470, 3472, 3476) Bogan R., near Terowie,

N.S.W., 6.iv.l947; 1 (A.C.3609) Wetheron, Q. (C. P. Copland), l.vii.l947; 1 (A.C.3986)

Mclntyre Brook, near Whetstone, Q., ll.i.1948; 7 (A.C.4902-8) 3 m. E. of Eulo, Q.,

6.i.l953; 5 (A.C.5138-42) Jandowae, Q., 30.xii.l954; 1 (A.C.5151) Reids Creek, near

Gayndah, Q., I.i.l955; 1 (A.C.5171) 5 m. E. of Mundubbera, Q., 3.i.l955; 1 (A.C.5181)

O Bil Bil Creek, near Mundubbera, Q., 3. i.1955; 3 (A.C.5257-9) 1 m. N. of Baralaba, Q.,
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7.1.1955; 2 (A.C.5284-5) Coomooboolaroo Stn., near Duaringa, Q., 9.1.1955; 1 (A.C.5306)

Calliope, Q. (Janet and Christina Copland), 12.1.1955; 1 (A.C.5333) 9 m. S. of Gympie, Q.,

15.1.1955; 3 (A.C.5347-9) Takllberan Creek, 23 m. N. of Gin Gin. Q., 14.1.1955; 16

(A.C.5385-5400) 8 m. S.E. of Calliope, Q., 12.1.1955; 2 (M.C.Z.3596-7) Eldsvold, Burnett R.,

Q. (Australian Mus.), 1914; 4 (M.C.Z. 18041-4) Whin Creek, Roeburne, W.A. (G. E.

Nlcholls), 1931; 2 (M.C.Z. 18045-6) Gascoyne, W.A. (G. E. Nlcholls), 1931; 1

(M.C.Z.1S047) Meekatharra, W.A. (Harvard Exped.), 1931; 3 (M.C.Z.184048-50) Yandll,

W.A. (P. J. Darlington), 1931; 2 (M.C.Z.18051-2) Lake Barrlne, Q. (P. J. Darlington),

1932; 1 (M.C.Z.18053) near Geraldton, W.A. (P. J. Darlington), 1931, M.C.Z. entries

vide Loverldge (1935: 42); 1 (M.C.Z.23998) Knuckey's Lagoon, near Darwin, N.T., vide

Loverldge (1949: 214); 1 (U.S.N.M.128281) Umba Kumba, Groote Eylandt, N.T., vide

Mitchell (1955: 404); Port Esslngton, N.T., type locality, vide Gray (1842: 57);

Houtman's Abrolhos, W.A., Port Denison, Q., vide Giinther (1867: 56); Admlnga Creek,

Alice Springs, Illamurta, betvv^een Oodnadatta and Charlotte Waters, and other Central

Australian localities, vide Spencer (1896: 170); St. George Range, Kimberley Division,

-

W.A., vide Andersson (1913:22); Napier, Broome Bay, W.A., vide Fry (1914: 209);

Mount Tambourine, Q., Malanda, Q., vide Andersson (1916: 15); Pastoral areas of the

Murchlson, the Gascoyne, and the Goldfields, Mileura Stn. (near Cue), Mount James

Stn. (N. of Gascoyne), Canning Stock Route between Wlluna and Hall's Creek, all in

W.A., vide Glauert (1945: 379); from about the Murchlson River inland and northward

to Include the whole of northern Western Australia, vide Main (1954: 118).

All 248 specimens from the Australian museums have been examined.

Variation.—There Is rarely much difference between the length and width of the

head; it is wider in about 10% of cases. The size of the tympanum to that of the

eye may be classified as half 15% of specimens, two-thirds 70%, three-quarters 10%
and equal 5%. The free edge of the tongue may be markedly Indented or almost entire.

The dorsum may fairly be described as smooth 25% of cases, slightly warty 28%,
rough 31%, and shagreened or very warty 16%. Finger discs are normally equal in

size to the tympanum or slightly smaller, an odd specimen may have them as small

as a half, they are only larger in about 10% of cases. Webbing of the fingers is

generally quite distinct and more than a rudiment, but sometimes it is practically

absent. That of the toes varies between half and two-thirds. R.12816 is a tadpole 62 mm.
long with the hindllmbs very strongly webbed. Vomerine elevations in eastern and
central Australian specimens are well behind the choanae in 28%; behind, but only

just, in 67%; while in 5% they are about a third in front of a line joining the

posterior borders of the choanae. These unusual specimens come from places as

scattered as Central Australia (Horn Expedition), Brisbane and Nyngan. All 99 W.A.
specimens have the vomerine elevations totally behind the choanae except for two or

three where they encroach a trifle. The W.A. frogs are nearly all brown with black

dots and specks; in practically all the blackish line from the nostril through the eye

is fairly conspicuous; most are moderately warty, only an exceptional one smooth. All

55 specimens in the author's collection had the vomerine elevations totally behind the

choanae, but in eight cases only just. Some specimens had a very wide pectoral fold.

Throats were often very black but others were Immaculate white. Males had very

large external vocal sacs. Nearly all 55 were brown dorsally spotted with black; one

Jandowae and two Calliope frogs were very heavily spotted or speckled with black.

One Jandowae frog had the finger discs much larger than the tympanum. Three
specimens collected together at Njmgan are Instructive in dealing with the variable

colour of this species. The coloration of R.12810A used in the standard description is

widely distributed In eastern Australian frogs. R.12810B is much as A but the wide

dorsal band is hardly distinguishable although the black patches persist on each side

of it. R.12810C has not the slightest trace of the dorsal band, which is distinct in A
and indistinct in B; the black markings have been reduced to small speckles except

for more or less continuous longitudinal lines over the ilia; the chin and throat

instead of being light are blackish. The majority of all specimens are almost plain

dorsally without prominent black lines over the Ilia, but with scattered black flecks,

spots or tiny dots over the whole dorsum. A trace of the dorsal band may persist
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as in B. Others may be almost plain brown or clay coloured without any black. A
Djarra specimen is bright red. Many specimens have the chin and throat black.

Three Horn Expedition frogs, two from Port Denison and two from Nyngan, are grey

with fairly large dark spots. Twelve individuals from Aroona Waters are very warty
and are heavily marmorated with black on a grey ground. South Australian specimens

normally have considerable black spotting, but in general there does not appear to be

geographical control of this character. An odd frog is very dark ventrally. An
individual from Mootwingie Waterholes is unusual. It is very warty with a very dark

brown dorsum broken by scattered black markings. Ventrally it is sooty with white

granules. W.A. specimens are generally nearly plain dorsally except for two dark

lines along the posterior half of the body about over the ilia. These lines may be

entire, or in various discontinuous combinations, or the patches may be composed of

many fine dots. In a few instances the wide dorsal band, which is normally dark,

is lighter than its borders, as in A.C.5388. Large individuals rarely reach 38 mm. in

total length of head and body.

Discussion.—Giinther (1858: 111) dealing with three females in the British Museum
says: "Vomerine teeth behind the hinder edge of the nostrils; fingers quite free; toes

two-thirds webbed; tympanum one-third the width of eye; tongue large, not notched

behind; upper parts quite smooth. Above greyish, sides of head and body with a

broad purplish-brown band." The position of the vomerine elevations is diagnostic

although not always valid, and it is interesting that Gray in his original description

(1842: 57) says "the palatine teeth in two small groups between the inner nostrils".

The original "front toes nearly free" is also more accurate than "fingers quite free".

Keferstein (I8680: 358) notes that Krefft had remarked on the black throat of many
specimens. Fletcher (see synonymy) has about a dozen references to rnhella mainly

dealing with distribution. He considers it restricted to the inland. Boulenger (1882:

405) and Nieden (1923: 225) give good descriptions. Boulenger remarks: "Fingers and
toes very variable in shape; in some specimens they are moderate, with rather small

disks, in others short and stout with very large dilations; but as some specimens exhibit

an intermediate structure, it is impossible to attach a specific importance to this

character, though when the two extreme forms are placed side by side, the difference

is a very striking one." His largest specimen measured 39 mm. Spencer (1896: 170),

who had many specimens collected by the Horn Expedition, dealt quite fully with

the external form of both the adult and tadpole as well as distribution and habits. He
pays particular attention to variation, noting int. al. that "in most specimens the head

is scarcely as long as broad"; arrangement of vomerine teeth; variation of tympanum
from half to two-thirds diameter of eye and its distinctness; size of discs; and

coloration. Most of the points raised have been discussed above. Spencer also deals

with the question of survival in drought and methods of repopulation in areas where

frogs have been wiped out. Andersson (1913: 22) with 13 specimens from the

Kimberleys questions descriptions of the toes as 2/3 to 3/4 webbed and concluded that

the degree was only about half, and in some small specimens "not even half webbed".

Later (1916: 15) he reports a Queensland frog as "beautifully purple on all parts

visible from above". Loveridge (1935: 42) gives diagnostic notes and remarks "in

formalin preserved specimens it will be seen that the fifth toe is actually webbed
to the base of Ihe disk, a condition which is apt to be masked in alcohol-preserved

frogs". He (1949: 214) notes that a Northern Territory individual had the head longer

than broad and the vomerine elevations between the posterior borders of the choanae.

Glauert (1945: 379) has interesting notes on the habits and environment of this little

frog. Whitley (1947: 53) remarks "the wide range of this fish Spangled Perch,

Madigania unicolor . . . almost coincides with that of the frog Hyla rubella". Main.

(1954: 118) gives short notes on range, habitat and description. This typically inland

species reaches the north-west, north, and north-east coasts of the continent. It is fairly

homogeneous but there seems to be a tendency for eastern specimens to have the

vomerine elevations more forward than the western, and the species may yet be

separated on this fact as well as colour. I suspect that records from the North Coast

of New South Wales are based on dentata with which it may quite easily be confused.
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Hyla dentata Keferstein.

Synonymy: Hyla dentata: Keferstein (1868a: 329; 1868*!>: 284); Boulenger (1882:

406); Fletcher (1889: 360, 383; 1890: 669-671, 675; 1891: 274; 1892: 8, 12, 14; 1894:

525, 527, 530; 1898: 672); Nieden (1923: 233); Loveridge (1935: 42).

Keferstein's original description (1868a: 329) reads: Hyla dentata, sp. n. Kopf

kurz, abgestutzt; Seiten hoch, Canthus rostralis abgeflacht. Trommelfell mindestens

halb so gross, als die sehr liervorragenden Augen. Habitus ahnlich wie bei H. Peronii.

Vomerzahne hinter den Choanen, in zwei halbkreisformigen oder hufeisenformigen, nach

vorn offenen Gruppen, welche mindestens so grossen Durchmesser als die Choanen
haben.—An der Hand sehr kleine Schwimmhaute, am Fusse sehr grosse, die nicht

einmal ganz die letzten Phalangen frei lassen und als Saume sich bis zu den Zehenspitzen

fortsetzen. Haftscheiben gross. Hand- und Fussohlen mit feinen Warzen. Am Meta-

tarsus ein stumpfer Hocker, am Tarsus eine Hautfalte.—Riickenseite theilweis mit

kleinen rundlichen Hockern, hellbraun, mit feinen dunklen Punkten. Vom Canthus

rostralis aus zieht an den Seiten bis zur Mitte der Korperlange ein dunkler Streif.

Unterseite einfarbig hell, iiber der Brust eine quere Hautfalte.—Korper 29 mm., Bein

45 mm. lang.

Neu-Siid Wales (ein Exemplar, von Dr. Schuette).

Schon durch die eigenthiimlich gestellten Vomerzahne unterscheidet sich diese Art

von alien sonst bekannten, da mir jedoch nur ein Exemplar zu Gebote steht, muss ich

es unentschieden lassen, in wie weit die ringformige Stellung derselben ein constantes

Merkmal ist.

Description of B.13073, in the Australian Museum, an adult male. Brush Creek,

Wyong, N.S.W. (R. MacKay) :

A compact, sturdy little frog, total length of head and body 40 mm.; head sub-

triangular, about as broad as long (12 mm.); snout short (5-5 mm.), 1-2 times diameter

of eye (45 mm.), truncate when viewed from above, in profile slightly protuberant

and receding towards mouth, nostril above lower lip; canthus rostralis short, rounded

but fairly distinct; lores oblique, nearly flat, interorbital width greater than that of

an upper eyelid (4 to 3-5 mm.), top of head flat between prominent eye bulges;

internasal space 3 mm.; diameter of the eye very slightly more than its distance from
nostril; tympanum round, very distinct although encroached upon slightly dorsally by

the low supratympanic ridge, tilted slightly upward, contained in diameter of eye

1-6 times (2-75 to 4-5 mm.), quite close to eye.

Skin smooth above except for a few, small, scattered, low warts; chin and throat

fairly smooth; body and ventral surfaces of thighs rather coarsely granulate; otherwise

limbs smooth below; nearly half of posterior surfaces of thighs granular in a wide,

triangular patch extending up to vent; a small, granular anal flap.

Forelimb robust and fairly long (25 mm.), 62% of length of head and body; hand
11 mm.; flnger discs well developed, roundish but a little wider than long, slightly

larger than tympanum (3 to 2-75 mm.); fingers in order of length, 1, 2, 4, 3; extent

of webbing between fingers, 40, 43 and 40%; fingers practically free of fringing; sub-

articular tubercles low and rounded, not very distinct; palm divided; thumb with

basal pad and black nuptial shield, practically opposed.

Hindlimb moderately strong and long, length (58 mm.) 145% of head and body;

femur 16 mm., tibia 17 mm., foot 25 mm.; heel reaches to eye; toe dists much smaller

than those of fingers (2 mm.); toes in order of length, 1, 2, 5, 3, 4; extent of webbing
between toes, 46, 62, 70 and 73%; narrow fringes; subarticular tubercles distinct

although small and rounded; sole divided; a comparatively large, elongated inner

metatarsal tubercle, no outer one.

Vomerine elevations paired, well separated from each other and even more widely

from the considerably smaller choanae, oblique, convergent posteriorly, just behind a

line joining the centres of the choanae, by far the greater part totally behind; tongue

heart shaped, free and quite deeply indented behind, much narrower than mouth at

angle of jaws; the large external vocal sac is rucked up without regular pleats although

the posterior margin is somewhat transverse and replaces a pectoral fold; the sac opens

into the mouth by a large elongated slit at each side of the tongue.
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The most characteristic dorsal marking is a wide dark brown median band the
whole length of head and body. It covers slightly more than half the back and is

composed of three more or less equally sized rounded areas marked off by two waists.

The remainder of the dorsum is occupied by a light brown irregular stripe on each
side of the median band. A dark brown stripe runs from the eye, includes the
tympanum, and passes to the groin, where it is joined by a downward prolongation
of the mid-dorsal band. The dorsal surfaces of the limbs are rather light brown
sparingly mottled with darker. The sides are sprinkled with white spots. An
indistinct white line along the upper jaw dies out at the shoulder. The back of the

thighs is pale brown sprinkled with small white dots, but there is a darker area with
larger spots on each thigh; these two areas are narrowly separated by a vertical

light line from the vent; ventral surfaces are light yellow, except the vocal sac, which
is nearly black.

Specimens examined and Locality Records: 1 (R.778, A.M.) Campbelltown, N.S.W.
(A. M. N. Rose), Dec, 1889; 1 (R. 3952, A.M.) Parramatta, N.S.W. (A. R. McCulloch)

;

4 (R. 4655-7, R.4659, A.M.) Woonona, nr. Bulli, N.S.W. (H. L. Coleman), Feb., 1910;

3 (R.4907, A.M.) Tuggerah Lakes, N.S.W. (D. B. Fry), 14.vii.l910; 1 (R.5102, A.M.)

Parramatta, N.S.W. (A. R. McCulloch); 1 (R.5252, A.M.) Smithfield, nr Sydney, N.S.W.

(J. Stein); 1 (R.5896, A.M.) Nambucca River, N.S.W. (H. E. Smart), Sept., 1912;

2 (R.6326-7, A.M.) Gurravembi, Nambucca River, N.S.W. (D. B. Fry and H. E. Smart),

Oct., 1913; 1 (R.8294, A.M.) Somersby, via Gosford, N.S.W. (D'Ombrain), Mar.,

1924; 1 (R.8457, A.M.) Fitzroy Falls, N.S.W. (T. Steele), Nov., 1924; 1 (R.8701, A.M.)

no data; 2 (R.9280, A.M.) Raymond Terrace, N.S.W. (D'Ombrain), Apr., 1927;

2 (R.10507-8, A.M.) Wyong, N.S.W. (J. H. Wright), Nov., 1931; 1 (R.11069, A.M.) Wyong,
N.S.W. (J. H. Wright); 2 (R.12293, A.M.) Evans Head, N.S.W. (Mel Ward), 1938;

] (R.13073, A.M.) Brush Creek, Wyong, N.S.W. (R. Mackay), 1 (A.2843, A.M.) Palla-

mallawa, N.S.W. (D. A. Porter), June, 1900; 1 (A.2880, A.M.) loc? (D. A. Porter), June,

1900; 2 (7277, 7290, A.M.) no data; 2 (M.C.Z.S76, 1934) Sydney, N.S.W. (Gottingen

Museum), 1885; 1 (M.C.Z.3609) near Bulli, N.S.W. (Australian Mus.), 1914, last two
entries vide Loveridge (1935: 42); 3 (A.C.3662-3, A.C.3665) Hickey's Creek, near
Bellbrook, N.S.W., 25.xii.1947; 3 (A.C. 3681-3) near Bellbrook, N.S.W., 27.xii.1947;

3 (A.C.3947, A.C. 3949-50) Tooloom Falls, near Urbenville, N.S.W., 9.i.l948.

Excluding the three M.C.Z. frogs, all 38 specimens listed above have been examined.

Dunoon, lower Clarence River, the Blue Mountains and Jervis Bay should be noted

here as additional records from Fletcher (see synonymy).

Yariation.—Disregarding obvious juveniles the average adult length of head and
body is very stable, averaging 40 mm. (42 mm. twice). In 28 adult specimens the

head was wider than long in 17 cases, equal in seven, and longer than wide in four.

The snout is always distinctly truncate, especially when viewed a little postero-dorsally.

Its length varies between 1-2 and 1-5 times that of the eye, and averages 1-33. Average

width of the upper eyelid to that of the interorbital space is four-fifths. The tympanum,
which is always distinct, is contained in the diameter of the eye on the average 1-8

times. Two of the Tooloom Falls frogs are quite smooth dorsally; R.5102 and R.8701

are noticeably more warty dorsally than usual; all the others are sparingly sprinkled

with small, low warts. The triangular granular area behind the thighs is invariably

present. The length of the forelimb averages 56% of that of head and body and with

the percentage of webbing on the fingers is very constant. In 28 specimens the largest

finger disc was equal in size to the tympanum in eight cases, smaller in only one, and
larger, often quite markedly, in 19. It is probably always considerably larger in fresh

material. The length of hindlimb to that of head and body is fairly constant, the

ratio averaging 150%. Webbing on the toes is very constant. The toes are never

webbed anywhere near the discs, which are always smaller than those of the fingers,

'ihere is much variation in the vomerine elevations without any real explanation.

In the 38 specimens checked, 12 agree with R.13073 of the standard description; 13 have

the same position but are small and rounded; two are extremely small; six are

convergent and much the same size as R.13073 but totally behind the choanae; and
the remaining four are small and rounded and totally behind the choanae. Seen with
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the eye of faith a few of the larger vomerine elevations show an ill-defined arcuate

pattern of small teeth. The trilobed median band is characteristic and generally very

distinct except in a few bleached specimens. The two dark, warty, white spotted areas

below and on each side of the vent are constant, except in juveniles, where the white

spots are present but the dark brown ground colour has not yet appeared. In spite

of this late development in coloration behind the thighs the dorsal and lateral patterns

of even quite small juveniles are generally more pronounced than in adults.

Discussion.—This is a rather distinct species if we except rubella, with which it

may easily be confused, especially when the vomerine elevations are small, rounded,

and set well back. Keferstein (1868&: fig. 21) gives a neat, symmetrical drawing of

"Vomerzahne hinter den Choanen in zwei halbkreis- oder hufeisenfomigen, nach vorn

offenen Gruppen" for his single type specimen sent from Sydney by Dr. Schuette.

He is followed by Boulenger (1882: 406) with "vomerine teeth subcircular, behind the

level of the choanae, the teeth on each of them arranged in an arch the concavity of

which is turned forwards" for his eight frogs from Sydney. This character which
gives the frog its name does not normally appear to be plain enough to be con-

veniently diagnostic. It is dealt with more fully above under variation. Boulenger

also uses as a key character "tibiotarsal articulation not reaching the eye", and in his

description "reaches the tympanum or not quite so far". Combined tibia and femur
measurements of specimens in the Australian Museum average only 4 mm. less than

that of head and body, and in one case at least the heel reaches the snout. Loveridge

(1935: 43), who had three specimens from Sydney and Bulli, noted that in all the

heel marked the tympanum or the eye. Boulenger's largest specimen was 48 mm. from
snout to vent. Nieden (1923: 233) gives a practically literal translation of Boulenger's

full description. Fletcher (see synonymy) notes dentata about 15 times and discusses

distribution, ecology and classification. He first believed it to be a rare frog, of

which he had only two specimens, but later (1894: 527) found half-grown specimens
"surprisingly numerous" at Jervis Bay. The frog probably only appears to be rare

because of its secretive habits. Three frogs were found by the author 10 feet above
the ground under the bark of a small, dead tree, and six others under logs and timber
lying in grass. They were dorsally brown or dark grey bordered laterally with cream,
and ventrally white or pinkish. Fletcher suggests possible confusion with verreauxii

(1892: 14). The species appears to be practically confined to the narrow coastal strip

of New South Wales east of the Dividing Range from about the Queensland border
in the north to Jervis Bay in the south. A specimen from Fitzroy Falls shows that
its range extends to the tablelands, while the record from Pallamallawa, 200 miles
from the coast, suggests that colonies at least exist on the western slopes and plains,

where they have probably been carried from the highlands along rivers flooding into
the Darling system. The species will almost certainly be found in southern Queensland
and somewhat south of Jervis Bay.

Hyla citropa (Tschudi).

Synonymy: Denclrohyas citrojm: Tschudi, Peron MS. in (1838:75). Hyla citroim:
Dumeril and Bibron (1841:600). Hyla {Dryopsophus) citroim: Fitzinger (1843:30).
Hyla citrojms: Giinther (1858: 115); Keferstein (18686: 281); Boulenger (1882: 408);
Fletcher (1889:359, 365, 368, 371, 383; 1890: 671, 675; 1891: 264; 1894: 530-1); Andersson
(1916: 15); Nieden (1923: 233); Kinghorn (1932: 362); Loveridge (1935: 43).

Tschudi's original description (1838: 75) gives little more than the first publication
of the name and reads: Dendrohyas citropa (Nov. Holl.). Syn. Hyla citropa Per.
(Port Jackson).

Description of R.8459 in the Australian Museum, an adult male. Pennant Hills,

near Sydney, N.S.W., collected by T.' Steel, Nov., 1924.

Habitus typically Hylid with a broad head and narrow waist; total length of

head and body 48 mm.; head nearly triangular, broader than long (19 x 17 mm.);
snout short (8 mm.), 1-3 times diameter of eye (6 mm.), truncate when viewed from
above, receding in profile, projecting with nostril a shade in advance of lower lip;

canthus rostralis nearly straight and sharply angular; lores gently concave, sloping
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obliquely; interorbital width about equal to that of an upper eyelid (5 mm.), top of

head almost flat between the prominent eye bulges; internasal space 4 mm.; diameter

of the large eye noticeably greater than its distance from nostril; tympanum distinct,

directed somewhat backward as well as slightly upward, contained in diameter of eye
2-2 times (2-75 to 6 mm.), distance from eye 2 mm.; a distinct, rounded supratympanic
fold curving from eye to just in front of shoulder.

Skin above mildly granular anteriorly, markedly so on eyelids; many very small,

low, dot-like warts; ventral surfaces of body and thighs granular, except smooth margin
of jaw; no granular extension to vent; triangular granular areas before and behind
tympanum; a prominent glandular area behind angle of mouth; sides smooth; no

pectoral fold; very small anal flap.

Forelimb robust and moderately long (30 mm.), 63% of length of head and body;

hand 13 mm.; finger discs thick and rather rounded, but wider than long, smaller than

tympanum (2 to 2-75 mm.); fingers in order of length, 1, 2, 4, 3; webbing between
the fingers may be said to be absent or rudimentary, being confined to the junction of

the fringes; subarticular tubercles rounded, prominent; palm divided with a large

tubercle posteriorly; thumb almost at right angles, swollen with two large basal tubercles

and a black nuptial shield.

Hindlimb moderately strong and long, length (82-5 mm.) 171% of head and body;

femur 23-5 mm., tibia 26 mm., foot 33 mm.; heel reaches to tip of snout; toe discs

closely resembling those of fingers but a trifle smaller (1-75 mm.) ; toes in order of

length, 1, 2, 3, 5, 4; extent of webbing between toes, 25, 45, 50 and 46% ; fringes narrow;

subarticular tubercles low, rounded, not prominent; sole fairly smooth; inner metatarsal

tubercle large and oval; outer about a quarter its size, rounded, in a line between

3rd and 4th toes.

Vomerine elevations paired, rather small, elongated, convergent posteriorly, well

separated from each other and from the equally sized choanae, just behind line joining

posterior margins of choanae or possibly encroaching a trifle; tongue subcircular,

slightly free and indented behind, about half width of mouth; vocal sac internal

with an opening on each side of tongue.

Dorsal colour almost uniform bluish-grey, with small, black, dot-like warts and

inconspicuous small patches of the same colour; dorsal surfaces of limbs, the area

being quite narrow on the thighs, and patch above vent more heavily marked with

black; a wide black band along canthus rostralis and then along supratympanic fold

almost to groin, behind the eye it is narrowly edged dorsally with white and

posteriorly broken up by white spots and patches; a white line runs along the upper

jaw and becomes very conspicuous between the eye and forelimb, where it dies out;

ventral surfaces yellow becoming brighter under the hindlimbs and on the fore and
hind surfaces of the thighs.

Specimens examined and Locality Records: 2 (R.4261, R.4263, A.M.) Bundanoon,

N.S.W. (W. Thorpe and T. Henson), 1908; 1 (R.4326, A.M.) Lindfield, Sydney, N.S.W.

(D. B. Fry); 1 (R.51S8, A.M.) Katoomba, N.S.W. (Fry and Coleman), Feb., 1911;

1 (R.7110, A.M.) Hazelbrook, N.S.W. (L. Abrahams), Jan., 1920; 2 (R.7558-9, A.M.)

Waterfall, N.S.W. (J. J. Fletcher), Feb., 1922; 3 (R.7560-2, A.M.) Aberfeldy, V. (J. J.

Fletcher), Feb., 1922; 1 (R.7563, A.M.) Manly, N.S.W. (J. J. Fletcher), Feb., 1922;

1 (R.8459, A.M.) Pennant Hills, N.S.W. (T. Steel), Nov., 1924; 1 (R.14495, A.M.) Colo

Vale, N.S.W. (H. Cogger), 16-20.xii.1954; 1 (7111, A.M.) Ryde, N.S.W. (Krefft) ;

3 (7112-4, A.M.) Middle Harbour, Sydney, N.S.W. (G. Krefft); 1 (7117, A.M.) Mulgoa,

N.S.W. (J. C. Cox); 2 (D.6709-10, N.M.) Grafton, Clarence River, N.S.W.; 1 (D.783S,

N.M.) Tubrabucca, N.S.W.; 1 (D.8843, N.M.) Ryde, Parramatta River, N.S.W.; 4 (372-5,

R.D.M.) Waterfall, N.S.W., 6.viii,1950; 1 (658, R.D.M.) Oxford Falls, Brookvale, N.S.W.,

13.V.1950; 4 (M.C.Z.9581-4) Hornsby, N.S.W. (W. H. Rosenberg), 1924, vide Loveridge

(1935: 43); Port Jackson, N.S.W. (type of Dendrohyas citropa) vide Tschudi (1838: 75);

Errumanga?, N.S.W., vide Boulenger (1882: 408); Waterfall, Springwood, Mt. Wilson,

and other localities in the Blue Mountains, "in the moist shady gullies", vide Fletcher
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(see synonymy) ; Cedar Creek, Q., Apr., 1913, vide Andersson (1916: 15) ;
Stanwell Park,

Hampton (4000 ft.), and various localities in the Blue Mountains west of Sydney, vide

Kinghorn (1932: 362).

I have examined 16 specimens, comprising those marked N.M. and R.D.M., and

R.4326, R.7561-2, R.8459, R. 14495 and 7111-2 in the Australian Museum.

Variation.—The webbing between the fingers may be absent as in R.7561-2, confined

to the junction of the fringes as in R.8459 and 7111, or considerably developed especially

between the 2nd and 3rd fingers as in R.14495 and 7112. A distinct web may fairly

be said to be present in half the specimens. Finger discs vary between 70 and 90%
of diameter of tympanum (100% once). Males with black nuptial pads have the thumb
tubercles most prominent. One of the two large tubercles may be divided again into

two prominent cones. The heel reaches the tip of the snout in 10 of the 16 specimens,

beyond in four, and not quite to nostril in two. Variation of webbing between toes

is very slight. The inner metatarsal tubercle is always prominent, the outer varies

between indistinct and very indistinct. There is always a tarsal fold, but it is not

at all prominent. There is slight variation in the size and position of the vomerine

elevations. In four cases they are somewhat heavier and more transverse than in

R.8459, but in six slightly smaller and more oblique. In R.14495 they are exceptionally

small, low, rounded and well separated. In 7112 they encroach considerably on a line

joining the posterior borders of the choanae, and in two cases they are totally behind,

but the remaining 13 frogs are as R.S459. Colour and markings are very constant. Fresh
material such as that from Waterfall shows the supratympanic stripe jet black and
extremely distinct. A marked feature common to all 16 frogs is the white nearly-

continuous line under the eye, below tympanum, to become most pronounced, although

broken up, over the glandular area behind the mouth. The line begins at the tip of

the snout in a squarish black and white marbled area as wide as the space between

nostrils. This area is clear except in three or four very faded specimens. The glandular

area behind the mouth is always present and marked. It is usually in three or four

sections, but one gland may be very large and the remainder very small. Two of the'

Aberfeldy frogs (only R. 7561-2 seen) are identical with N.S.W. specimens even to

small details such as the small speckled or marbled snout and anal areas. The largest

specimen examined was 7112 with head and body 62 mm. and hindlimb 97 mm.

Discussion.—This is a compact species with little variation. It is seldom present in

collections. Kinghorn (1932: 362) noted that it was somewhat closely related to ruhella

and dentata, but was without doubt the rarest of the three. He believed that its range
was restricted to an area close to Sydney—Mt. Wilson to the north, the Jamieson and
Kanimbla Valleys to the south and the foothills of the Dividing Range to the west.

He suggested that Fletcher's specimens from Aberfeldy, about 120 miles east of

Melbourne, should be referred to dentata, but the two Aberfeldy frogs I have examined
in the Australian Mseum are certainly citropus and if the locality was recorded correctly

the species must range far south in Victoria. The species also extends north of

Mt. Wilson, about 55 miles in a direct line from Sydney. There is an undoubted specimen
from Tubrabucca in the Harrington Tops area, about 150 miles north, and two others

from Grafton, 440 miles north of Sydney. I would like to defer acceptance of Andersson's

(1916: 15) record from Cedar Creek on the Atherton Tableland, Queensland, especially

as his specimen was very young (17 mm. from snout to vent). Andersson said his frog

corresponded very well with Boulenger's (1882: 408) description and with Keferstein's

figure (1868: fig. 22). The colour in spirit was greyish-blue without any purplish, and
the broad irregular black lateral band was very distinct without any light edge above.

This involves an extension of range northwards, from Grafton of more than 1000 miles

and it would be wise to await confirmation by further and adult specimens before

regarding this record as established. This species has practically no literature, but

Fletcher on 10 pages (see synonymy) deals with its breeding and other habits and
distribution. In spite of its apparent rarity MacKay has told me that it is quite
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common in the Stanwell Park area. Kinghorn (1932: 362) gives a detailed account of

colour, colour changes and sexual dimorphism in the living frog. Nieden's description

(1923: 233) is simply a translation of Boulenger's (1882: 408).

Hyla maculata Spencer.

Synonymy and references: Hyla maculata: Spencer (1901: 177); Fry (1912: 97);

Nieden (1923: 236).

Spencer's original description (1901: 177) reads: Hyla maculata, sp. n. Tongue
subcircular; free and slightly nicked behind. Vomerine teeth in two small groups close

to the middle line behind the level of the choanae. Head decidedly broader than long.

Snout as long as broad; truncate and slanting downwards so that the nares are vertically

on a level with the margin of the upper jaw. Canthus rostralis distinct; the loreal

region oblique and slightly concave; interorbital space nearly twice as broad as the

upper eyelid. Tympanum not visible. Fingers very slightly webbed; toes completely

webbed. Discs on the Angers slightly larger than those on the toes. Subarticular

tubercle present, no outer metatarsal tubercle. A distinct fold extending over the

tympanic region to the shoulder. The hind limb being carried forwards, the tibio-tarsal

articulation reaches the anterior canthus of the eye. Upper surface of the body covered

with minute pits, the closely opposed margins of which present a finely reticulate

appearance; lower surface granulate. A distinct fold along the inner edge of the

tarsus. Colour, olive grey above, blotched with darker markings; the same on the

upper surfaces of the limbs. Length from snout to vent, 50 mm. Habitat, Powong,
Victoria. Collected by Mr. R. Hall.

Discussion.—This is a puzzling species, which does not appear to have been seen

or discussed since it was first described. Fry only notes that he has not seen it and

Nieden repeats the description. In keys based on Boulenger it falls with pliyllochroa,

rubella, dentata, and citropus; and, with the vomerine teeth behind the level of the

choanae, it could not be associated elsewhere. It is separated from all of them by

the extent of webbing, and with having an olive-grey back blotched with darker

markings. Even more important differences are the concealed tympanum and the

minute pitting of the dorsum so that the closely opposed margins of the pits present

a finely reticulate appearance. It seems remarkable that this distinctive frog has not

been collected again during the past 56 years, especially as Powong in Gippsland is

only about 60 miles from Melbourne. Spencer's specific reference to discs makes it

unlikely that maculata belongs to any other genus.

Hyla obsoleta nannotis Andersson.

Synonymy: Hyla ohsoleta: Lonnberg (1900: 580); Kampen (1923: 24,32); Loveridge

(1935: 50). H. nannotis: Andersson (1916: 16).

Lonnberg's original description (1900: 580) reads: Hyla obsoleta, sp. n. The most
striking characteristic of this form is that the tympanum is completely covered by the

granular skin, so that no trace of it can be seen outwardly. Tongue broadly rounded

anteriorly, nicked and free behind. Vomerine teeth in two small well-separated groups

between the choanae. Snout subtriangular, longer than the diameter of eye, truncate

at the tip; canthus rostralis distinct; loreal region concave; interorbital space broader

than the upper eyelid. Fingers with a short web at the base; toes nearly entirely

webbed; disks about half the diameter of the eye. A slight cutaneous fold with a

row of tubercles along the outer side of the forearm; a less pronounced row of

tubercles along the outer side of the tarsus; a short dermal appendage at the heel.

The hind limb being carried forward, the tibio-tarsal articulation reaches beyond

the snout. Upper surfaces minutely granulate; a fold from the eye to the axilla;

another fold across the throat. Belly and lower side of thighs granulate. Colour (in

spirit) dark brown above, light below, without markings. From snout to vent 34 millim.

A single specimen from Simbang.

Andersson's original description (1916: 16) reads: Hyla nannotis, n. sp. (Figs.

5a-e) . Tongue semicircular, slightly nicked behind. Vomerine teeth in two transverse

groups on a level with the hind edges of the choanae. Snout short, rounded, slightly
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prominent, a little shorter than the orbit; nostril near the end of the snout; canthus

rostralis rounded, loreal region oblique and concave. Interorbital space somewhat

broader than the upper eyelid. Tympanum very small, about one-fourth the diameter

of the orbit, its upper margin not distinct. Fingers rather long and slender, webbed

at the base, a distinct rudiment of pollex; toes nearly entirely webbed; disks of

fingers larger than disks of toes, which are a little larger than the tympanum. A
tarsal fold; no outer metatarsal tubercle, inner very distinct, long and oval. If the

length of the tibia is marked off from the knee forwards along the body, it reaches

beyond the snout. Skin very finely granulate or prickled above, and provided with

small, sparsely scattered tubercles on the head and back. Coarsely granular below and

on the sides of the body; a distinct fold above the tympanum. Dark olive grey or

brownish above, closely and irregularly speckled with blackish; the lower surfaces of

the limbs and of the hind part of the belly reddish brown, remaining lower parts

brownish grey, the chin spotted with black. A male specimen from Tully River,

N. Queensland, April, 1913. Measurements: Total length 45 mm. Breadth of head

16 mm. Length of head (from the hind margin of tympanum) 15-4 mm. Length of

snout 6-2 mm. Diameter of eye 6-8 mm. Diameter of tympanum 1-6 mm. Length of

humerus 9-5 mm. From elbow to tip of 3rd finger 22 mm. Length of femur 25-8 mm.
Length of tibia 25-8 mm. Length of tarsus and 4th toe 32-5 mm. By the very small

tympanum this species seems to be allied to Hyla arfakiana Peters and Doria and

possibly to Hyla parvidens Peters. But according to the descriptions, the former has

"snout acuminate, longer than the diameter of the orbit; canthus rostralis straight,

loreal region not very oblique, fingers free, no distinct rudiment of pollex; toes two-

thirds webbed, skin smooth above etc.". The colour is rather dissimilar as well, and

to judge from the figures in Ann. mus. Civ. Genova, 13, 1878, pi. 6, fig. 2, the disks of

the fingers and toes are considerably smaller in H. arfakiana than in my specimen.

Hyla parindens has vomerine teeth hardly distinguishable, considerably shorter hind

limbs, a quite different colour, etc.

Description of No. R.109S0, in the Australian Museum, an adult, Mt. Spurgeon, Q.

(Loveridge, Musetim of Comparative Zoology, Harvard), 1933:

Habitus rather slender with a wide head and tapering body, width of body (18 mm.)
36% of total length of head and body (50 mm.); head nearly semicircular, flattened,

about as broad as long (18-5 x 17-5 mm.); snout moderately long (8 mm.), one and
two-thirds diameter of eye (6 mm.), obtusely rounded when seen from above, rounded
and slightly pointed in profile, extending well beyond lower lip; canthus rostralis

strongly curved, distinct, rounded; lores markedly oblique, concave; interorbital width
greater than that of an upper eyelid (5-5 to 4 mm.), top of head flat between prominent
eye bulges; internasal space 4 mm.; diameter of eye slightly more than its distance

from nostril; tympanum visible but indistinct, little differentiated from surrounding
skin, especially upper margin, tilted slightly upward, contained three times in diameter
of eye (2 to 6 mm.), distance from eye 2 mm., a low, slightly warty, supratympanic
ridge.

Skin above smooth or minutely granular with a few small scattered warts; chin

and throat flnely granular; ventral surfaces of body and thighs with part of posterior

surface up to vent coarsely granular; sides granular below, rather warty above; no
pectoral fold; a distinct anal flap.

Forelimb strong and moderately long (33 mm.), 66% of length of head and body;

hand 17 mm.; finger discs well developed, rounded but slightly wider than long, larger

than tympanum (3 to 2 mm.); fingers in order of length, 1, 2, 4, 3; a strong rudiment
of web between fingers, amounting to 17, 20 and 21%; no fringes; subarticular tubercles

distinct, rounded; palm granular; thumb at right angles to next finger, strongly

broadened at base, which is divided as if prepollex is present; a low fold marked by

about six white warts behind forearm.

Hindlimb long, strong, well-developed, length (95 mm.) 190% of head and body;

femur 26 mm., tibia 31 mm., foot 38 mm.; heel reaches to well in advance of snout;

toe discs well developed, slightly wider than long, a little smaller than finger discs but

still larger than tympanum (2-5 to 2 mm.); toes in order of length, 1, 2, 3 = 5, 4;
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extent of webbing between toes, 55, 71, 78 and 75%, webs practically to discs of first

three fingers on postaxial sides; toes fringed; subarticular tubercles distinct, rounded;

sole fairly smooth, a large, elongated, inner metatarsal tubercle, no definite outer one;

a low tarsal fold with small white tubercles.

Vomerine elevations paired, distinctly separated, slightly elongated, transverse,

each bearing about six very small teeth, large, considerably larger than the round

choanae, about bisected by a line joining the posterior borders of the choanae or a

little in advance; tongue roundish, free and feebly nicked behind, noticeably narrower

than mouth at angle of jaws; no external vocal sac.

Dorsal colour a rich warm brown with obscure blackish marbling; ventrally pale

yellow with a brownish suffusion on chin and throat; posterior surfaces of thighs

almost uniform brown with a few rather large patches formed of confluent white spots.

Specimens examined and Locality Records: 1 (Type of H. nannotis) Tully River,

N.Q., Apr., 1913, vide Andersson (1916); 1 (R.10980, A.M.) Mt. Spurgeon, Q. (Loveridge,

M.C.Z., Harvard), 1933; 1 (J.5570, Q.M.) Mt. Spurgeon, Q.; 19 (M.C.Z.18114-25) Mt.

Spurgeon, Q. (P. J. Darlington), 1932, vide Loveridge (1935).

Yariation.—Only one other specimen (J.5570) has been examined. It is also from

Mt. Spurgeon and smaller. Its proportions and other characters agree almost exactly

with R.10980, but the tympanum is perhaps more distinct and a trifle smaller. Dorsally

it is a uniform leaden plum, and the ventral surfaces are greyish to flesh-coloured.

Discussion.—Lonnberg (1900: 574) mentions that his type of obsoleta was collected

by Dr. Erik Nynian, the Swedish botanist, and sent to Upsala. He notes that the type

locality Simbang was a mission station on a hill 50 metres above sea level in a bay

at a river outlet. The two specimens examined by me agree closely with the type

description except for two points: "tympanum is completely covered by the granular

skin so that no trace of it can be seen outwardly", and vomerine teeth "small". Loveridge

(1935:50) disposes of the first difficulty when he says that his 19 specimens, collected

by P. J. Darlington at a height of about 4000 feet on Mt. Spurgeon, present both hidden

tympana and others very small about a quarter the diameter of the eye. The frogs

ranged from juveniles to one of 67 mm. As to the vomerine elevations those of R.10980

and J.5570 are definitely large. Both elevations and descriptive terms may vary to

some extent, but it seems safer to retain nannotis as a Queensland race. Loveridge

(1935: 50) places nannotis in the synonymy of obsoleta. stating "these frogs tally so

closely with Lonnberg's description of obsoleta and also Andersson's description and

figure of nannotis as to leave no doubt in my mind that the latter is a synonym
of the former".

Hyla ewingii ewingii Dumeril and Bibron.

Synonymy and references.—Hyla eivingii: Dumeril and Bibron (1841: 597);

Jacquinot and Guichenot (1853: 26); Giinther (1858: 111; 1867: 56); Boulenger (1882:

406); Fletcher (1898: 661, 665-673); English (1910: 632); Nieden (1923: 230); Lord
and Scott (1924: 102); Blanchard (1929: 324); Scott (1942: 5). Hyla e. ewingii:

Loveridge (1935: 45).

There is a large number of general references—most of which cannot be definitely

classified under the headings of the subspecies—and more or less general discussions

which will be most convenient to list here. This list should also be consulted when
dealing with the separate races. Hyla eivingii: Dumeril (1853: 171); Jacquinot and
Guichenot (1853: 26); Giinther (1858: 111; 1867: 56); Boulenger (1882: 406); Fletcher

(1889: 359, 364-5, 367-8, 370, 382, 387; 1890: 670-1, 673; 1891: 274; 1892: 7, 8, 12-16;

18936: 522; 1894: 527-8, 530-1; 1898: 661, 665-673, 681-2); Lucas (1892: 59, 61; 1896:

47); Spencer (1892: 21); Lucas and le Souef (1909: 295); Andersson (1913: 23); Fry
(1915: 60); Nieden (1923: 230); Waite (1929: 260); Loveridge (1935: 44-48).

Dumeril and Bibron's original description (1841: 597) reads: La Rainette D'Ewing.
Hyla Eivingii. Nobis. Caracteres. Dents vomeriennes situees entre les arriere-narines

au niveau de leur bord posterieur, sur une courte rangee transversale largement inter-

rompue au milieu; dessus de la paupiere superieure et haut des cotes du tronc, tuber-
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culeux. Une vessie vocale chez les males. Description. Formes. Les particularites

exprimees dans la phrase precedente, sont les seules que presente la Rainette d'Ewing,

examinee comparativement avec la Rainette de Lesueur. Coloration. Cependant son

mode de coloration n'est pas non plus le meme. Les parties superieures offrent un gris

verdatre. A partir des yeux, la tete, en arriere, et toute la region dorsale sont marquees

de petits points noirs si rapproches les uns de autres, qu'on croirait voir une large bande

noire s'etendant depuis le front jusqu'aux reins. Le museau porte, a droite et a gauche,

une raie noire qui, commence a sa pointe et se termine a Tangle anterieur de I'oeil.

La tempe est coloree en noir, et il existe une ligne blanche sous I'oeil et le tympan.

Le dessus des pattes est pointille de brun fonce. Toutes les regions inferieures sonc

jaunatres. Dimensions. Tete. Long. 1" 4'". Tronc. Long. 2" 4'". Membr. anter. Long 2".

Membr. poster. Long. 4" 8 '"
. Patrie. Cette espece se trouve a la terre de Van Diemen.

Nous en possedons un echantillon qui nous a ete donne par la societe zoologique

de Londres, dans le Musee de laquelle il y en a plusieurs autres qui proviennent d'un

don fait par M. Ewing.

Description of R.7603 in the Australian Museum, an adult female, Ulverstone,

Tasmania (J. J. Fletcher), probably collected in October, 1897, presented February, 1922:

Habitus stout and squat; total length of head and body 38 mm.; head subtriangular,

very little broader than long (12 x 11-5 mm.); snout short (5 mm.), 1-25 times diameter

of eye (4 mm.), bluntly rounded when seen from above, slightly rounded in profile,

extending very little beyond lower lip, but the nostril is so far forward that it is

vertically above lip; canthus rostralis short, slightly curved, moderately angular;

lores slightly concave, oblique; interorbital width much greater than that of an upper

eyelid (4 to 2-5 mm.), the top of the head flat between prominent eye bulges; internasal

space 2-75 mm.; diameter of the eye much more than its distance from nostril; tympanum
small, flat, only moderately distinct, tilted slightly upwards, contained twice in diameter

of eye (2 to 4 mm.), distance from eye 1-5 mm.; a distinct supratympanic fold from
eye bending over tympanum to above shoulder. ^

Skin smooth, but with a few scattered, low, small warts; chin and throat granular;

ventral surfaces of body and thighs coarsely so; a very wide triangular extension of the

granular area up to vent behind the thighs; limbs mainly smooth, except for a few
warts behind the tarsus and forearm; no pectoral fold; anal flap very small.

Forelimb rather powerful and long (27 mm.), 70% of length of head and body;
hand 13 mm.; finger discs well developed, rounded but a little wider than long, slightly

larger than tympanum (2-25 to 2 mm.); fingers in order of length, 1, 2, 4, 3; webbing
between the fingers not extensive, but distinct, amounting to 20, 17 and 17 % ; no
fringes; subarticular tubercles rounded, low but distinct; palm coarsely granular;
thumb somewhat enlarged basally.

Hindlimb moderately strong and long, length (68 mm.) 179% of head and body;
femur 18 mm., tibia 20 mm., foot 30 mm.; heel reaches to between eye and nostril;

toe discs moderately developed, a little wider than long, equal in size to tympanum
(2 mm.); toes in order of length, 1, 2, 3=5, 4; extent of webbing between toes, 45, 45,

59 and 62%, web well away from all discs; narrow fringes; subarticular tubercles
rounded and small, but distinct; sole slightly granular; a large, oval inner metatarsal
tubercle; no outer one, but a small elevation in line with junction of 3rd and 4th toes.

Vomerine elevations paired, rather small, slightly oblique, well separated from
each other and from the still smaller choanae, between the choanae, just • touching the
line joining the anterior borders of these openings and about half behind the line
joining the posterior borders; tongue heart-shaped, free and quite deeply nicked behind.

Dorsal ground colour light brown. A wide blackish bar, including a pale patch in
the centre, joins the eyelids. The bar continues back as a wide black band the same
width to the end of the body. The band is separated into two for the posterior three-
quarters of its length by a fairly wide light brown vertebral stripe, which begins at
the level of the forelimbs. A distinct black stripe runs from the nostril under the
canthus rostralis to the eye and 'then backwards, including the tympanum and supra-



BY STEPHEN J. COPLAND. 59

tympanic ridge, to above the shoulder. There is a very conspicuous white stripe

under this black one from beneath the eye to over the shoulder. The sides are light

brown with obscurely patterned dark mottling, which is very inconspicuous. There

is some dark on the limbs, and a row of light spots behind the forearm. Ventral surfaces

are uniform yellowish, except that the chin is somewhat dark. The dorsal colour

extends quite widely over the granular area behind the thighs, which are otherwise

clear yellow except for a few small rather indistinct brown spots on each side.

Specimens examined and Locality Records: 10 (R. 4402, A.M.) Hobart, T. (E. J.

Goddard), Mar., 1909; 2 (R.5260, A.M.) T. (R. Helms); 1 (R.6046, A.M.) Launceston, T.

(Q. Vic. Mus.), Jan., 1913; 2 (R.6070-1, A.M.) Flinders Id., Bass Strait (J. B. Cleland)

;

2 (R.7469, A.M.) Port Sorel, T. (J. J. Fletcher), Feb., 1922; 9 (R.7470, R.7603-R.7610,

A.M.) Ulverstone, T. (J. J. Fletcher), Feb., 1922; 5 (R.8396, R.8403, R.8411, R.8419,

A.M.), T. (J. J. Fletcher), 12.X.1897; 2 (R.9500-1, A.M.) Interlaken, T. (G. P. Whitley),

24.1.1928; 4 (R.9830, A.M.) Cradle Valley, T. (F. N. Blanchard), 15.iii.l928; 1 (R.10073,

A.M.) Cascades, T. (M. Ward), Jan., 1930; 2 (R.10955, A.M.) Dinorlan, T. (M.C.Z.),

1933; 1 (R.12121, A.M.) Pieman's Ridge, N.W. T. (Consett Davis); 8 (R.12122, A.M.)

Lake St. Clair, T. (Consett Davis); 1 (D.7921, N.M.) Kingston, T. (C. Oke), 17.V.1948.

All specimens listed have been examined.

Variation.—The wide blackish band which starts in the bar joining the eyelids

and runs the whole length of the body is typical of H. e. ewingii. It occurs in 12 of

the 30 adult specimens examined (18 juveniles and the two dried Dinorlan frogs are

excluded here) with a white or near white vertebral stripe dividing it much as in

R.7603—the Ulverstone individual used in the standard description. The dark band
Is very distinct in another 12 frogs but the median stripe Is much less extensive and
well defined. The band is to some extent obscured in two of these 12 frogs, which
have almost the whole of the dorsum very dark. Five frogs are almost plain dorsally,

but what is typically the dark area is strongly outlined with black spots, and in one

case a short dorsolateral black stripe posteriorly on each side. Only one specimen

completely lacks the distinctive pattern, being uniform pale grey. The black line from
the nostril through the eye and tympanum is always present, but is not so distinct in

bleached specimens. The silvery, white or yellow stripe under the eye to over the

shoulder is always conspicuous. Black spotting on the back besides the dark band is

very variable. There are no spots in eight specimens, odd flecks on nine, a moderate

number on eight, while five are very heavily dotted and spotted with black, one

Interlaken frog especially so. The sides of two are plain, 13 resemble R.7603 in having

obscure markings, nine have a few large Irregular patches on the groin and posterior

parts of the thighs, and six are heavily spotted. The posterior surfaces of the thighs

are plain clear or greyish-yellow with a few indistinct brown spots in 18 specimens;

quite plain in three; with small speckles in one; large irregular spots in six; while

two are plain except for two or three large more or less confluent blackish spots

dorsally. Eighteen juveniles from Hobart and Lake St. Clair have their markings very

distinct, the thighs behind plain yellow or light ferown, and the webbing very restricted.

The white line from under the eye is very conspicuous in even the smallest individuals.

Twenty-two frogs have the back smooth except for an odd, low, small wart, six are

moderately warty, while four are decidedly warty all over. In a few cases the fingers

are almost free of webbing, but it Is quite distinct In most. Three Cradle Valley and

three Ulverstone frogs are webbed at least a quarter between the 3rd and 4th fingers.

Webbing of the toes Is well away from the discs In all but two, where it is close.

Finger discs are well developed, especially in large adults. Apparently delayed growth

of the discs continues after that of the tympanum. Fifteen frogs have the discs equal

in size to the tympanum, 11 are smaller and only four larger. Toe discs are smaller In

25 specimens, equal In five. Vomerine elevations are very much of a pattern. They

vary slightly in size, as do the choanae. Occasionally they are quite contained between

the choanae. A few are practically transverse, but they are always separated. R.6070

and R.8411 have them small and rounded, R.8403 rather large and rounded, while in

R.9500 they are virtually absent.
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Discussion.—The nominate race has the wide dorsal band well developed with a

light vertebral stripe; the light stripe under the eye to over the shoulder is conspicuous;

and the sides differ from verreauxii and iuxtaewingii in lacking the prominent black

blotches of the sides; spotting when present is more obscure and not so well defined.

There is no trace of the dorsal markings characteristic of alpina and loveridgei.

English (1910: 632) says e. ewingii is "very abundant in most parts of Tasmania"

and describes its habits. He noted that "in January, 1902, I found a specimen at

Westbury which had some bright green patches on its back. The colour of these

patches seemed fixed". Lord and Scott (1924: 102) describe breeding habits and

ecology. They remark that the numbers of the frog fluctuate and record "Some years

ago the waters of Lake Tiberias were unusually high, and upon their return to normal

limits enormous numbers of these frogs were stranded in pools (in the frog stage),

and dead bodies of those whose pools had evaporated too quickly to enable change

from tadpole to adult stage were strewn all over the shore". Scott (1942: 5) gives

some interesting notes on history and occurrence. Loveridge (1935: 45) discusses

diagnostic characters and notes ewingii's similarity to jervisiensis. Fletcher's general

discussion (1898: 665-) should be noted. He gave a careful examination, but according

to the view here made an unnecessary subdivision of Tasmanian frogs into "the typical

unspotted form of H. ewingii, together with a slight and unimportant colour-variety,

and var. A. var. caUiscelis".

Hyla ewingii iuxtaewingii, subsp. nov.

Specimens examined and Locality Records: 10 (A.C.5661-70) 18 m. W. of Bairnsdale,

v., 28.xii.1955; type A.C. 5666, a male; 1 (D.6723, N.M.) Darby, Wilson's Promontory, V.

Variation.—All specimens retain the wide dark dorsal band typical of ewingii

and a vertebral light stripe is always present. They have no trace of the pronounced

dorsal markings of alpina and loveridgei, but are boldly blotched with black on the sides

much as verreauxii. Posterior surfaces of the thighs are clear yellow in alcohol with

no large dots but some fine speckling. In life the thighs were bright orange before and

behind. The light vertebral line is interrupted by a narrow dark crossbar between

the eyes. Backs are somewhat warty. The snout is short and the tip truncate. D.6723

has the colour pattern not so well marked, otherwise the 11 specimens closely resemble

each other. Vomerine elevations in nearly all are partly behind the choanae; a few

are oblique and others rather small. Five males have blackish chins and the same
colour extends to some extent on to the throat.

Discussion.—This race has been named to include specimens from southern Victoria

intermediate between H. e. eioi^igii and H. e. verreauxii. They have the typical dorsal

colour pattern and habitus of eunngii. but differ from that race in having black blotches

on the sides in which they resemble verreauxii. They differ from the latter in having

the snout shorter and the tip more truncate. In verreauxii the snout is markedly more
pointed. luxtaetoingii is also intermediate in wartiness between the Tasmanian and
New South Wales subspecies.

Hyla ewingii verreauxii Dumeril.

Synonymy and references.—Hyla verreauxii: A. Dumeril (1853: 171); Giinther

(1858: 115); Fletcher (1889: 387; 1892: 11, 14; 1894: 525; 1898: 660, 671-2). Hyla
ewingii: Krefft (1864: 389); Keferstein (1868&: 283); Steindachner (1867: 62); Marriner
(1907: 145). Hyla krefftH: Giinther (1863&: 28; 1863a: 250); Keferstein (1868a: 357

1868&: 280); Boulenger (1882: 407); Fletcher (1889: 367, 383-4; 1890: 670-1; 1892: 15

1894: 530; 1898: 661, 666, 668-73); Nieden (1923: 230). Hyla ewingii var. orientalis

Fletcher (1898: 670 etc.). Hyla etcingii verreauxii: Loveridge (1935: 46).

Dumeril's original description (1853: 171) reads: Rainette de Verreaux. Hyla
Verreauxii, A. Dum., espece nouvelle. En cherchant les analogies de ce Batracien
avec les autres especes du meme genre, on voit qu'il n'a pas les doigts des membres
anterieurs palmes, tandis qu'aux pieds, ils sont presque entierement reunis par une
membrane natatoire. Le dos est lisse, ainsi que la tete, et le tympan est horde superieure-

ment par un cordon glanduleux. Ces caracteres, qui sont ceux que les auteurs de
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I'Erpetologie generale ont pris en consideration dans le tableau du geni-e Rainette,

raontrent que celle-ci se rapproche surtout de la R. de Lesueur; mais, outre les differences

dans le systeme de coloration, cette derniere a les disques digitaux moins developpes

que I'espece nouvelle, qui peut etre caracterisee ainsi: Caracteres.—Tete courte et assez

epaisse; museau non arrondi et formant un angle a sommet obtus; canthus rostralis

saillant; narine percee au-dessous de son extremite anterieure; region frenale haute

et concave; tympan beaucoup plus petit que I'oeil; dents vomeriennes situees positivement

entre les arriere-narines et en chevron; langue grande, un peu enchancree a son bord

posterieur. On acquiert facilement la certitude que la designation de Hyla nova species,

inscrite par Bibron sur les Catalogues, est exacte, si Ton tient compte des remarques

suivantes sur les differentes Rainettes de I'Oceanie decrites jusqu'ici, et a aucune
desquelles I'espece nouvelle n'appartient. Ainsi, la R. bleue a les dents vomeriennes

situees au niveau du bord posterieur des narines; chez la R. de Jervis, elles sont exacte-

ment sur le meme niveau que le bord anterieur de ces orifices. La tete de la R.

de Jackson est plus allongee, ses narines sont moins rapprochees du bout du museau;
elle porte d'ailleurs, de chaque cote du dos, un cordon glanduleux. La R. crocopode

n'a une palmure entre les orteils qu'a leur base. L'un des caracteres distinctifs prin-

cipaux de la R. d'Ewing se tire de la presence de tubercules sur le dos, sur les flancs,

au-dessus des yeux et sous la gorge, et tres apparents chez les femelles. Elle a, de plus,

le museau un peu plus obtus. La R. de Peron, enfin, a le museau plus arrondi, les yeux

plus saillants et le tympan moins petit; puis les dents vomeriennes sont en rang

transversal. Void, au reste, un petit tableau destine a montrer comment on peut

distinguer entre elles les Rainettes que le Museum a regues de I'Oceanie.

Doigts.
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derriere la
bouche un
cordon
glanduleux.
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unit'orme . . .
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L'espece nouvelle est, en outre, caracterisee par son systeme de coloration. Les

regions superieures sont d'un brun assez fonce, et souvent parcourues, depuis I'espece

Interorbitaire, jusqu'au cloaque, par une large bande d'un brun sombre, dont la portion

mediane, chez quelques individus, est plus claire. On voit une bande a peu pres semblable

chez la R. d'Ewing; mais cette derniere a toujours la region temporale transversee

par une bande noire etendue de la narine a I'epaule, et bordee, en dessous, par une

ligne jaune tres fine et plus courte. Cette particularite manque chez la R. de Verreaux,

dont les flancs sont piquetes, de jaune, et les regions inferieures d'un blanc jaunatre.

L'examen comparatif d'une nombreuse serie d'individus des deux sexes at de differents

ages, ainsi que d'une serie de R. d'Ewing egalement rapportee de I'Australie par

M. J. Verreaux, montre que, malgre de certaines analogies, ces divers echantillons

appartiennent a deux especes distinctes, differenciees surtout par les tubercles cutanes

tres apparents chez toutes les R. d'Ewing, et qui manquent constamment dans I'espece

nouvelle. Celle-ci, d'ailleurs, n'a pas sur le dos le piquete noir qu'on voit le plus

habituellement chez I'autre.

Specimens examined and Locality Records: 1 (R.6325, A.M.) Gurravembi, Nambucca
River, N.S.W. (D. B. Pry and H. E. Smart), Oct., 1913; 10 (R.7503-5, R.8407, A.M.)

Lucknow, near Orange, N.S.W. (J. J. Fletcher), Peb., 1922; 2 (R.7589, A.M.) Burrawang.

N.S.W. (J. J. Pletcher), Peb., 1922; 4 (R.8339-40, A.M.) Ballarat, V. (J. J. Pletcher),

E
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July, 1924; 2 (R.8397, A.M.) Wentworth Falls, N.S.W. (J. J. Fletcher); 3 (R.8398, A.M.)

Inverell, N.S.W. (J. J. Fletcher), 29.viii.1924; 3 (R.8401, A.M.) Bungendore, N.S.W.

(J. J. Fletcher); 1 (R.8404, A.M.) Kurrajong Heights, N.S.W. (J. J. Fletcher);

1 (R.8405, A.M.) Bowral, N.S.W. (J. J. Fletcher); 4 (R.8408-9, A.M.) Warragul, V.

(J. J. Fletcher), 29.viii.1924; 2 (R.8413, A.M.) Stanmore, near Sydney, N.S.W. (J. J.

Fletcher), 29.viii.1924; 22 (R.8504, A.M.) Avoca, N.S.W. (T. Steele), Nov., 1924;

3 (R.94S5-7, A.M.) Koonadan, Leeton, N.S.W. (K. C. McKeown), Mar., 1928; 1 (R.9947,

A.M.) Brooklana, East Dorrigo, N.S.W. (W. Heron), 24.vi.1929; 1 (R.10771, A.M.)

Tamworth-Walcha Road, N.S.W. (K. C. McKeown), Nov., 1932; 1 (R.12080, A.M.)

Palmdale, Wyong, N.S.W. (J. H. Wright), 1937; 4 (R.13389, R.13391, A.M.) Bowenfels

South, N.S.W. (Kinghorn and MacKay), 1948; 1 (R.14358, A.M.) Spencer's Creek,

Mt. Kosciusko, N.S.W. (A. Musgrave), 17.vii.l953; 6 (R.14493-4, 14519-22, A.M.) Colo

Vale, N.S.W. (H. Cogger), June and Aug., 1955; 14 (R.14530, A.M.) Killara, N.S.W.

(J. Moore), tadpoles from eggs, 3.vlii.l952; 2 (7080, A.M.) Port Macquarie, N.S.W.;

2 (R.3742, S.M.) Armidale, N.S.W. (R. Pengilley), Aug., 1955; 2 (A.C.35-6) Kilbride,

near Campbelltown, N.S.W., 22.viii.1938; 3 (A.C.133-5) Upper Cordeaux Dam, N.S.W.,

25.ix.1938; 1 (A.C.152) Gerringong, N.S.W., 2.X.1938; 1 (A.C.201) near Appin, N.S.W.,

13.xi.l938; 2 (A.C.415, 417) Tallong, N.S.W., 22.V.1939; 7 (A.C.426, 428-31, 434, 438)

15 m. N. of The Oaks, N.S.W., 10.1.1939; 11 (A.C.494-5, 499, 500, 502-5, 508, 511-2)

Bundanoon, N.S.W., 21.V.1939; 1 (A.C.2238) near Armidale, N.S.W. (Consett Davis),

8.V.1944; 1 (A.C.4534) Kangaroo Valley, N.S.W., 5.xii.l949; 1 (A.C.4828) Warrawee,

N.S.W., 3.viii.l950; 1 (A.C.5093) Ben Lomond, N.S.W., 26.xii.1954; 2 (A.C.5534, 5885)

near Bombala, N.S.W., 26.xii.1955; 11 (M.C.Z. specimens) Smithfield, Berridale, Mt.

Kosciusko (5000 ft.), Tamworth and Glen Innes?, all N.S.W., and Warragul, V., vide

Loveridge (1935: 46).

Variation.—The dorsum is smooth, except for the usual presence of a few small

w^arts, mainly between the eyes. The wide dark band from between the eyes to the

end of the body about as wide as the distance between the eyes is generally distinct.

It may be uniform or there may be a more or less conspicuous median light line. The

vertebral stripe may become obscure and the dark band spread so that the whole

dorsum is rather uniform darkish. Although the dorsum is sometimes fairly plain

there are practically always vestiges of the dark band. In R.8339, a large individual

measuring 37 mm. from snout to vent, the dark band is only suggested by a few dots

and according to a field note by W. W. Froggatt there was "green on back in life".

The groins and sides are blotched or spotted. The blotches on the sides are typically

few, large and rounded, and tjtaiere is no oblique bar on the flank as in alpina. The
blotches sometimes break up into a number of smaller dots. An Armidale frog has

one side almost plain but the other well blotched. Two Leeton frogs are unusual in

having a speckled dorsum and the sides with many small dots and speckles; they

also have dark dots behind the thighs and are covered with sm^ill, pin-point warts.

One Warragul frog is also heavily speckled with dark all over the back. A.C.4828,

though undoubtedly of this race, is abnormal in having a practically grey back peppered

with hundreds of tiny black dots. Posterior surfaces of the thighs usually are quite

plain or have a few obscure dark patches. There is some variation and often proximal

speckling or even a few dots. The Kurrajong Heights frog and one from Bundanoon
have a few bold black markings behind the thighs, which is most unusual and
possibly a recessive condition. A white streak from over the eye joins one from under
the eye over the shoulder to enclose the black line from the tip of the snout, through
the nostril and eye to above the shoulder; but this pattern is not so conspicuous as in

alpina. The lower white line is always present, but the upper one may be indistinct.

The vomerine elevations are typically small, rounded, well separated, and on a line

joining the anterior edges of the choanae.
,
They are generally totally between or

slightly projecting in front of the choanae. A few are a little oblique, and others may
project behind, in one or two extreme cases nearly as much as half. One of R.8408
has the elevations exceptionally large and oblique, but the other is typical, small and
totally between the choanae. The fingers are normally practically free of web, but
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there is often some webbing between the 3rd and 4th which in a few cases reaches 20%.
No toe is webbed to the disc; there is generally a quite wide or at least distinct gap

to the disc, but in R. 9485-7 all toes except the 4th are nearly webbed to the disc. The
size of the largest finger disc is normally little more than half the diameter of the

tympanum, but in some it is three-quarters. The heel reaches to the eye. The posterior

surfaces of the thighs are generally orange in life.

Discussion.—H. e. verreauxii is here taken to include all members of the species

from eastern New South Wales with typically blotched sides and flanks, with the

exception of alpina and lovericlgei on the highlands. Almost certainly calliscelis is to

be found in the south-west of the State. Fletcher (1892: 15) said "as far as my
experience goes, H. ewingii is represented in N.S.W. only by var. calliscelis" . Later

(1898: 665) he gives a detailed and well-reasoned analysis of the systematics of

ewingii in a review extending over eight pages. He points out how much variation

there may be in specimens from the same locality and deals fully with colour variation,

webbing and other characters. He says "if H. etvingii may comprehend var. orientalis,

which is less webbed, it would obviously be illogical to exclude a variety (var. krefftii)

because it may be a little more webbed". He had seen about 75 specimens of krefftii

from within 60 miles of Sydney and considered it a rare frog confined to the coast;

but that orientalis was one of the commonest frogs on the coast and tablelands. Fletcher

had a single specimen from the Mt. Kosciusko plateau, which was probably lovericlgei.

He discusses verreauxii and concludes "verreauxii was in all probability founded on

smooth specimens of H. ewingii". Fry with additional material, mainly alpina,

reworked Fletcher's specimens and came to slightly different conclusions. Both papers

are too long to be dealt with thoroughly here, but they should be consulted. Their

main conclusions have been modified and adopted. There does not seem to be the

slightest doubt that Dumeril's verreauxii is the appropriate name for this form. This

was first pointed out by Loveridge (1935: 46), who gives a very clear analysis of the

ewingii problem. Giinther (1858: 111 and 1867: 56) includes north-east Australia in

the range of ewingii and mentions two specimens, one from Rich's collection. Fry

(1915: 82) questioned these records. It seems best to include krefftii in the synonymy
of verreauxii on the basis of Gtinther's description. Boulenger (1882: 407) says krefftii

is very close to H. ewingii, but differs in more distinct webbing of the fingers and

toes. Giinther says "Fingers one-fourth webbed, with the discs of moderate size; toes

broadly webbed". He later (1863a: 251) noted that the sides were light reddish olive

and covered with minute brown dots like the back. Krefft (1864: 389) says of Hyla

verreauxii "a rather rare frog, which I have occasionally taken from under the bark

of the Tea-tree, and from under rocks in moist localities, never taken during the

summer", and of H. krefftii "a very common species all over the eastern part of

Australia". Krefft continues to describe voice and habitat and adds "before and during

rain, thousands of these little creatures begin to whistle . . .". Keferstein (1868&: 283)

described a typical N.S.W. ewingii and said that the fingers were free, whereas those

of krefftii (p. 280) had a small web. Loveridge, as noted under jervisiensis, included

krefftii in that species. The races of ewingii are discussed more or less comprehensively

and general descriptions given by Boulenger (1882), Fletcher (1898), Andersson (1913),

Fry (1915) and Loveridge (1935). Marriner (1907) notes that eioingii has been

introduced into New Zealand. ''

Hyla ewingii alpina Fry.

Synonymy and references: Hyla ewingii, var. alpina: Fry (1915: 79). Hyla ewingii

alpina: Loveridge (1935: 47).

Specimens examined and Locality Records: 2 ( A. C.1543-4) Mt. Kosciusko, N.S.W.,

2 m. from Summit, 21.i.l943; 1 (A.C.2131) 5 m. S. of Kiandra, N.S.W., 5.xii.l943;

2 (A.C.5517-8) Snowy River, near Summit, Mt. Kosciusko, N.S.W., 24.xii.1955; 3 (R.581,

R.583-4, A.M.) Mt. Kosciusko, 5500 ft. (R. Helms), May, 1889 (cotypes) ; 12 (R.4644-6,

A.M.) Mt. Kosciusko (Charles Hedley), Feb., 1910 (type R.4644, and cotypes);

3 (R.5055-6, R.5058, A.M.) Mt. Kosciusko, 7000 ft. (T. H. Johnston) (cotypes); 3 (R.5422,

R.5424-5, A.M.) Hotel Kosciusko, 5200 ft. (A. R. McCulloch), Dec, 1911 (cotypes);
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9 (R.7433-8, A.M.) Pretty Point, Mt. Kosciusko (J. J. Fletcher), Feb., 1922; 1 (R.10922,

A.M.) Daner's Gap, Mt. Kosciusko, 5400 ft. (M.C.Z., Darlington), 1932; 1 (R.10972,

A.M.) Etheridge Range, Mt. Kosciusko (M.C.Z.), 1933; 1 (R.13773, A.M.) Daner's Gap,

Mt. Kosciusko, 5400 ft. (Q.V.M.), 12.xii.l931; 2 (R.13775, A.M.) Etheridge Range, Mt.

Kosciusko, 6500 ft. (Q.V.M.); 1 (M.C.Z.18055) Dead Horse Ridge, Mt. Kosciusko, 6600 ft.

(W. E. Schevill), 1931; 39 (M.C.Z.18056-69) S. of Etheridge Range, Mt. Kosciusko,

6500 ft. (W. E. Schevill), 1931; 27 (M.C.Z.18070-9) Daner's Gap, Mt. Kosciusko, 5400 ft.

(W. E. Schevill), 1931; 1 (M.C.Z.19055) Mt. Kosciusko, 7000 ft., cotype (T. H. Johnston),

•1933. The last four entries are from Loveridge (1935: 47).

The 40 A.M. and A.C. specimens have all been examined.

Fry's original description (1915: 79) reads: Hyla Eioingii, D. and B. var. alpina,

var. nov. (Plate III, fig. 2, Text fig. 4). Hyla ewingii v. orientalis, Fletcher, Proc. Linn.

Soc. N.S.W., xxii, 1898, p. 670 (part). Habit moderate. Head two-thirds as long as broad,

the measurement taken at a line drawn between the hinder margins of the tympana.

Snout rounded, a little longer than the orbital diameter; nostril elevated, slightly

nearer the tip of the snout than the eye; canthus rostralis distinct; loreal region very

oblique, concave. Tympanum upright-oval, perfectly distinct, separated from the eye

by a distance equal to its own diameter, which is half to two-thirds that of the orbit.

Interorbital space almost as broad as the upper eye-lid. Tongue broadly shield-shaped

or oval, slightly nicked behind. Vomerine teeth in two fairly large, oblique, sometimes

contiguous groups, between the choanae. Limbs normal. Fingers tapering, with a very

fine fringe which is very slightly enlarged at the bases between them so that it might

be said that a rudiment of web is present; if anything, this is best developed between

the first and second and second and third fingers; first finger slightly shorter than the

second; discs swollen, but not enlarged, a little more than half the transverse diameter

of the tympanum; sub-articular pads tubercular; several rows of tubercles on the

metacarpals; a large tubercle on the inner side of the base of the first finger which

may bear a brown rugosity in breeding males. Toes moderate, not webbed to the

discs; the third and fifth about three-quarters, the fourth about two-thirds webbed,

the fringe continuing to the discs; the latter small, if anything smaller than the finger

discs; a well developed inner metatarsal tubercle, in adult specimens of quite an unusual

size for a Hyla; sub-articular tubercle distinct and a row of smaller tubercles on

the under side of the phalanges and metatarsals. Tibio-tarsal articulation of the out-

stretched limb reaching to the eye. Skin of back and limbs warty above, the vertebral

region grooved and usually devoid of warts. The warts usually commence with a

distinct line of demarcation, between the eyelids and sometimes border the tympanum
posteriorly. A distinct glandular fold above the tympanum and also on the inner side

of the tarsus; sides sometimes plicate. A distinct fold across the chest. Gular region,

chest, belly, underside of thighs and arms coarsely granular. Colour (spirits) : Light
olive green or purplish brown above, almost uniform or with dark bands which may be
broken into isolated spots. Usually two broad brown bands commence between the

eyes and continue to the sacral region, separated along the vertebral line. Sides with
a chain of large blackish light-edged spots, the largest in the inguinal region running
obliquely from the back to the groin. A narrow brown light-edged streak commences
on the tip of the snout and borders the canthus to the eye; from the posterior border
of the eye, whence it becomes much broader, it passes through the tympanum to the
shoulder. Upper surfaces of arms and legs variously blotched and spotted with brown.
Some specimens are almost uniform greenish above, the bands being so broken as only
to be represented by a few isolated spots, in which case a very large inguinal spot
is always present. Under-surfaces uniform creamy yellow. The life colours of this
frog are truly beautiful. The whole of the upper-surfaces may be either suffused with
olive green or uniformly of the purest of pea-greens. The brown bands and spots do not
change to any great extent when put into alcohol, but the green almost entirely
disappears. The under-surfaces are Jemon yellow. The resemblance of this frog to

Hyla regilla, Bd. and Gir., of North America, as regards its life colours, is worthy
of note. H. regilla has been beautifully figured by Miss Mary C. Dickerson (The Frog
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Book, New York, 1907, col. pis., viii-ix), two plates showing clearly the enormous range

of colour and marking displayed by different individuals, many phases of which forcibly

suggest those of H. eivingii v. alpina. Length of head, to hinder edge of tympana 12 mm.;
width of head at tympana 17 mm.; total length, snout to anus 48 mm.; length of

hindlimb to tib-tars. art. 41 mm. Logs.: Twenty-two specimens from Mt. Kosciusko,

Monaro District, Southern tableland, New South Wales. Three specimens collected by

Mr. A. R. McCulloch were taken at an altitude of 5200 feet. Mr. Charles Hedley

and Mr. Robert Helms have taken them at 5500 feet, while four collected by Dr. T. H.

Johnston are said to be from 7000 feet altitude. I have to thank Messrs. Hedley,

Johnston and McCulloch for their kindness in bringing me specimens alive. This new
A'ariety can be distinguished from the other varieties of Hyla ewingii, D. and B., by Its

warty back, scarcity of webbing, small discs and tapering fingers, and by the predomi-

nance of green in its life coloration. As regards the amount of webbing and size

of the finger discs, however, var. alpina overlaps some examples which are true speci-

mens of var. orientalis. Type: in the Australian Museum, Reg. No. R.4644.

Variation.—All specimens are very warty, and may be extremely so, especially on

the sides. They have heavy black longitudinal stripes and markings dorsally and

laterally. In R.5055 the stripes break up into chains of large heavy dots. There is

usually a wide and extremely distinct vertebral line. A bold oblique bar down each

flank is typical; it is usually confluent dorsally with one of the black stripes. There

is often a white triangular area on the head between the eyes and the tip of the snout.

A white band from over the eye joins one from below the eye over the shoulder to

enclose a prominent blackish stripe from the nostril through the eye to over the

shoulder. This pattern is nearly always very distinct. Anterior and posterior surfaces

of the thighs are generally clear yellow or brownish. There may be an odd obscure spot

or one or two usually small dots, but A.C.5518 has a few large black markings behind

the thighs. White granules may occur near the vent. Nearly all the ten R.4646 juveniles

show the conspicuous vertebral stripe. Vomerine elevations are typically moderate,

transverse, close together and between the choanae. R.5058 has them large, slightly

oblique and partly behind the choanae. The finger discs are practically not dilated at all,

or they may be slightly enlarged to a third or even half the size of the tympanum.
Fingers are free, and the web does not nearly reach any toe disc. Frogs in life are

nearly always green dorsally. This seems to become more pronounced with height,

for instance A. C.5517-8 collected at about 6300 feet not far from the summit of

Mt. Kosciusko were a practically uniform bright green. A.C.2131 was dorsally yellowish-

grey and black.

Discussion.—Fry gives considerable detail in his original description, so comment
on this very distinctive race has been cut to a minimum. He emphasizes diagnostic

features of his 22 specimens all taken at 5200 ft. or at higher altitudes on Mt. Kosciusko.

Fry includes Fletcher's orientalis in part in his alpina, but although Fletcher (1898: 670)

says "less webbed than the typical form" and "discs of both the fingers and the toes are

certainly smaller than usual", his "a more widely distributed spotted variety" and

"one of our commonest frogs on the coast and on the tablelands" rules out his name
if only on the grounds of the limited range of alpina. Loveridge (1935: 47) discusses

this form in association with loveridgei. which has a smooth back.

Hyla ewingii LOVERinoEi, subsp. nov.

Synonymy a?id reference: Hyla ewingii alpina (part): Loveridge (1935: 47).

Type, No. A.C.3023, near Porter's Retreat, N.S.W., l.v.1946. The dorsum is smooth,

the size large, and the colour pattern is similar to that of alpina with heavy longi-,

tudinal stripes on the back and heavy lateral blotching, including a prominent oblique

black bar far back on the flank.

Specimens examined and Locality Records: 1 (A.C.728) near Hampton, N.S.W.,

ll.ii.l940; 1 (A.C.1594) Sawpit Creek, near Jindabyne, N.S.W., 23.1.1943; 4 (A.C.2490-3)

Little Hartley, N.S.W., 19.xi.l944; 5 (A.C. 2946, 2998-3000, 3002) near Oberon, N.S.W.,

30.iv.l946; 6 (A.C.3017-9, 3023-4, 3042) near Porter's Retreat, N.S.W., 30.iv-l.v.l946;

1 (A.C.4458) S. of Hampton, N.S.W., 4.iv.l949; 1 (A.C.5038) no data; 1 (A.C.5516)
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4 m. W. of Berridale, N.S.W., 25.xii.1955; 1 (A.C.5566) Mt. Donna Buang, V., 31.xii.l955;

1 (A.C.5926) Adaminaby, N.S.W., 23.xii.1955; 11 (A.C. 6087-6097) Jenolan State Forest,

N.S.W. (Janet Copland), 14.V.1956; 1 (A.C.6101) 5 m. S. of Hampton, N.S.W., 14.V.1956;

1 (R.8409, A.M.) Warragul, V. (J. J. Fletcher), Aug., 1924; 1 (R.8417, A.M.) Yass,

N.S.W. (J. J. Fletcher), 29.vii.1924; 2 (R.11549, A.M.) Oberon, N.S.W. (J. C. Wiburd),

Apr., 1935; 4 (R.12494-5, A.M.) Australian Capital Territory (P. J. Mackerras) ;

4 (R.13089-90, A.M.) Barrington Tops, N.S.W. (R. Gaven) ; 1 (R.13310, A.M.) Pol Blue,

Barrington Tops, N.S.W., 4900 ft. (W. Barnes), 14.1.1948; 5 (D.7708-7712, N.M.) Little

River, Suggan Buggan, V.; 4 (D.8698-8701, N.M.) Mt. Baw Baw, V.; 1 (M.C.Z.18054)

Barrington Tops, N.S.W. (P. J. Darlington), 1932; 13 (M.C.Z.18516-25) Hartley Vale,

N.S.W. (P. J. Darlington), 1932. Last tvi^o records vide Loveridge (1935: 47).

Variation.—All specimens are large with the back smooth or practically so. Most

frogs have very prominent black longitudinal markings along the back, and it is

interesting that these are perhaps most conspicuous in individuals from the extreme

limits of its range known at present—Barrington Tops and Victoria. The oblique

bar down the flank, which usually springs from a longitudinal stripe, is almost

diagnostic. However, it is indistinct in some Jenolan State Forest specimens though

very prominent in others. It is practically always indicated at least. A vertebral

stripe is normal. It appears plain and sunken in preserved frogs, but in life is nearly

always green. The same colour may include most of the back and form patches on

the sides. Heavy lateral blotching is characteristic, but it is occasionally reduced, as

in four Jenolan State Forest frogs, to not very conspicuous black dots and patches.

The anterior and posterior faces of the thighs are characteristically clear, plain yellow.

The Mount Donna Buang specimen is unusual in having this clear area reduced by
proximal black spotting and brown dotting. A.C. 5516 is unique in having the black

markings broken up into very many small scattered dots and streaks, and in being

slightly warty. The vomerine elevations are between the choanae. They generally

project a little in front and a little behind; but, when they are smaller than usual,

they only project in front.

Discussion.—With the exception of alpina, loveridgei is the most distinctive of the

ewingii group. It may at once be distinguished from alpina by the smooth or prac-

tically smooth dorsum, and from verreauxii by the bold dark colour pattern, which
closely resembles that of alpina and almost invariably includes a prominent dark

marking on the flank in the form of an oblique bar. The race is apparently confined

to the highlands of New South Wales and Victoria, but at lower elevations than

alpina. I have to thank Loveridge for suggesting that this form is distinct, and have

indicated my debt by naming it after him. Loveridge (1935: 47) discusses his

Barrington Tops and Hartley Vale frogs in connection with alpina. He noted that in

one specimen "on the hinder side of the thigh a deep black streak and some dusky
flecks on a yellow ground reminiscent of the markings of H. jervisiensis" . The Jenolan

State Forest frogs had the posterior surfaces of the thighs clear to bright yellow,

quite plain in nine but with black markings in two. Black markings of the dorsum
and sides were in life on a ground colour of bright brick red, clay yellow, or green.

Htla ewingii calliscelis Peters.

Synonymy and references: Hyla calliscelis: Peters (1875: 620). Hyla ewingii

calliscelis: Boulenger (1882: 407); Lucas and le Souef (1909: 295); Andersson (1913:

23); Kinghorn (1924: 182); Waite (1929: 260); see also general heading.

Peters' original description (1875: 620) reads: Hyla calliscelis, n. sp. Kopf so breit

wie lang; Canthus rostralis deutlich. Choanen klein, aber grosser als die Tubenoffnung.

Vomerzahne in zwei queren Haufen zwischen den Choanen. Trommelfell rund, halb

so lang wie das Auge. Finger nur an der Basis der beiden ausseren Finger und zwischen
den Mittelhandgliedern des zweiten und dritten Fingers. An der hinteren Extremitat
lasst die Schwimmhaut die zwei letzten Glieder der vierten und das letzte der zweiten

und fiinften Zehe (ahnlich wie bei H. Ewingii) frei. Unterseite der Oberschenkel,

Bauch und Brust grober, Unterkinn feiner granulirt. Oberseite glatt. Oben blaulich

grau. Eine dunklere, vorn grade Querbinde zwischen den Augen, welche sich nach
hinten auf den Riicken ausdehnt. Eine dunkle Langsbinde unter dem Canthus rostralis.
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Eine breite dunkle Binde durch das Ohr nach der Schulter; unter derselben eine unter

dem Auge beginnende gelbliche Linie. In der Inguinalgrube ein blauschwarzer Fleck.

Vorder- und Hinterseite des Oberschenkels orangegelb, letztere mit einigen grossen

schwarzblauen Flecken. Totallange o',040; Kopf o',0115; vord Extr. d"022; Hand mit 3.

Finger oToil; hint. Extr. o",'056; Fuss mit 4. Zehe 0,016. Zwei Exemplare aus Adelaide,

durch Hrn. R. Schomburgk. Diese Art steht zwischen H. Ewingii und H. Peronii, der

ersteren durch die geringe Entwickelung der Schwimmhaute und der schwarzen unten

hell gasaumten Schlafenbinde, der zweiten durch die Stellung der Vomerzahne und die

Farbung der Hinterseite der Schenkel sich anschliessend.

Specimens examined and Locality Records: 1 (R.5257, A.M.) S.A. (R. Helms), Feb.,

1911; 2 (R.7128, A.M.) Birchmore Lagoon, 15 m. from Kingscote, Kangaroo I., S.A.

(E. L. Troughton), May, 1920; 4 (R.7149, A.M.) Timber Creek, Kangaroo I., S.A. (E. L.

Troughton), May, 1920; 4 (R. 7160, R.7163, A.M.) Deep Creek, 20 m. from Kingscote,

Kangaroo I., S.A. (E. L. Troughton), May, 1920; 4 (R.8395, A.M.) Ballarat, V. (J. J.

Fletcher), 29.vii.1924; 1 (R.8414, A.M.) Mt. Lofty, V. (sic, but probably S.A.) (J. J.

Fletcher); 2 (R.3157, S.M.) Grampians, V.; Adelaide, type locality, vide Peters (1875:

620), and Andersson (1913: 23) one specimen, 16.X.1911 (E. Mjoberg) ; Kangaroo Island

localities referred to by Kinghorn (1924: 182) see above.

The 18 A.M. and S.M. specimens have been examined.

Variation.—The posterior surfaces of the thighs have typically a few rather bold

black markings on light brown or yellow. In long preserved specimens these areas

may appear almost plain yellow with a few dots. The grey or light brown dorsum

has generally a very distinct wide dark dorsal band from between the eyes to the

back of the body. The band is edged with black or merely speckled. Sides are flecked.

A trilobate light area on the head is enclosed between the dark bar between the eyes

and black stripes from the snout on each side. Vomerine elevations are transverse and

about on a line joining the anterior edges of the choanae. There is a distinct web
between the fingers and no toe is webbed to the disc. The back is smooth or slightly

warty. R.5257, a large specimen with snout to vent measurement 42 mm., is very

boldly marked behind the thighs. The two Grampians frogs have the frontal lobe

very distinct and the posterior surfaces of the thighs clear yellow.

Discussion.—Peters, who had two specimens from Adelaide, noted the finger webbing

and markings behind the thighs. Giinther (1867: 56), who mentions north-east Australia

as a locality record, also gives King George's Sound on the basis of two individuals from
Krefft. Boulenger (1882: 407) treats calliscelis as a variety with "hinder side of thighs

with large purplish-black spots on yellowish ground; a purplish-black spot in the groin",,

and also gives King George's Sound (G. Krefft) as the locality for his two British

Museum specimens. Andersson (1913: 23), who had a specimen from Adelaide, notes

"in the groin a dark, although rather indistinct patch as well as some rather large

purplish-black spots on the hind side of the thighs. These markings are absent in a

specimen from Victoria . .
." He also discusses the species generally. Lucas and

le Souef (1909: 295) note of calliscelis "inner side of legs is of a bright orange".

Fry (1915: 82) regarded calliscelis as confined to South and Western Australia, and

gave characteristics as finger discs as large or larger than the tympanum, more
extensive webbing of fingers and toes, and by large very accentuated purple blotches

on groin and hinder side of thighs. He remarks "the inguinal and thigh marks of

V. calliscelis are very different in nature to those which occur in occasional instances

in Eastern Australian specimens of v. orientalis, and do not vary among themselves to

such an extent. They stand out in bold relief on a pale ground and resemble deep, even-

edged, purple ink-blotches". Although the present author is satisfied with the status

and treatment of H. e. ewingii, e. alpina, e. loveridgei, e. verreauxii, full treatment of

e. calliscelis and e. iuxtaeioingii and the species Uyla jervisiensis, H. parvidens. and
H. inguinalis must await additional collecting and comparative work. At present

H. e. calliscelis may be taken to include frogs from South Australia, western Victoria

and islands off the coasts of those two States.
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Hyla parviuens Peters.

Synonymy and references: Hyla parvidens: Peters (1875: 620); Boulenger (1882:

407); Lucas (1892: 61); Fletcher (1898: 672-3); Nieden (1923: 236); Loveridge

(1935: 43).

Peters' original description (1875: 620) reads: Hyla parvidens, n. sp. Diese Art,

welche durch die Korperform, granulirte Beschaffenheit des oberen Augenlids und des

Korpers, sowie durch die geringe Entwickelung der Schwimmhaute grosse Xhnlichkeit

mit Hyla Ewingii hat, unterscheidet sich durch das viel kleinere Trommelfell, dessen

Durchmesser nur ein Drittel des Augendurchmessers erreicht, und die ausserordentlich

schwach entwickelten Vommerzahne, welche jederseits einen Haufen an der inneren

vorderen Seite der Choanen bilden, aber so schwach entwickelt sind, dass sie nur mit

grosser Miihe wahrgenommen werden konnen. Die Farbe 1st einfach lehmgelb; nur

auf den Schenkeln finden sich einzelne kleine dunkle Piinktchen. Von dem Nasenloch

geht eine schwarze Linie durch das Auge iiber das Trommelfell an der unteren Seite

einer dicken Hautfalte bis zur Gegend iiber dem Schultergelenk. Eine starke driisige

langliche Anschwellung hinter dem Mundwinkel. Totallange 0,033; Kopflange 0,011;

Kopfbreite o','bll; vordere Extr. o',025; Hand mit 3. Finger o',011; hint. Extr. o',058;

Fuss mit 4. Zehe 0,026. Eine Exemplar aus Australien (Port Philipp).

Locality Records: Port Phillip, V., type locality, vide Peters (1875: 620);

2 (M.C.Z. 9585-6) Botany Bay, N.S.W. (W. F. H. Rosenberg) 1924, vide Loveridge

(1935: 43).

Discussion.—Fletcher (1898: 672) considered the status of parvidens at length.

He notes that the species "was founded in 1874 on a single specimen from Port Phillip,

but is still unknown to Victorian naturalists. Admittedly it differs from H. etvingii

chiefly in respect of the smaller tympanum (one-third the diameter of the eye), and
the slightly developed vomerine teeth. Since from the examination of only about

17 specimens Mr. Boulenger found it necessary to allow for a variation in the size

of the tympanum of from 'one-half to two-thirds that of the eye', it seems to me that

it need not be a matter for any surprise if, when a more representative series were
examined, it should be found that this allowance was insufficient. As a matter of fact

some of the Victorian and other specimens do seem to have a smaller tympanum than
usual, about one-third that of the eye. One such specimen is of especial interest,

inasmuch as the vomerine teeth are normal on one side, but absent on the other. Of
two other Victorian specimens one (half-grown) appears to have the vomerine teeth

not perceptibly developed; the other has them on one side strongly developed, on the

other only slightly." Fletcher then gives other instances of variation and abnormalities

in vomerine elevations, and concludes "H. parvidens . . . may well have been only

a light-coloured specimen of H. eivingii without definite bands or streaks, with
imperfectly developed vomerine teeth, and with a smaller tympanum than usual; and
if so the name H. parvidens would become an absolute synonym of H. eioingii". Peters
in his original description notes the closeness to ewingii and relies chiefly on the small
sizes of the tympanum and vomerine elevations to separate parvidens. Peters' variations
all fall within the range of characters exhibited by the large series of ewingii examined
by the present author. Lucas (1892: 61) observes that he has not seen ^mrvidens.
Loveridge's two specimens (1935: 43) appear to be covered by Fletcher's comments,
and it would seem strange that parvidens should not be found again in Victoria
but turn up 600 miles away at Sydney. Taken all in all it is practically certain that
parvidens should be sunk in the synonymy of ewingii. This course has not been followed
because of uncertainty concerning the form about Port Phillip.

Hyla inguinalis Ahl.

Ahl's original description (1935: 252) reads: Unter dem Material des Zoologischen
Museums Berlin fand sich die nachstehend beschriebene Laubfroschart der Gattung
Hyla vor, die ich mit keiner der bisher beschriebenen Arten identifizieren konnte.
Hyla inguinalis spec. nov. Vomerzahne in zwei queren oder etwas nach hinten
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konvergierenden Gruppen zwischen den Choanen; Zunge annahernd oval, hinten schwacn

eingeschnitten und frei abhebbar; Kopf massig gross, so lang wie breit Oder etwas

breiter als lang; Schnauze mehr oder weniger spitz, im Profil schrag nach hinten

abgestutzt, iiber das Maul vorspringend, langer als das Auge, wenig ktirzer als der

Abstand der vorderen Augenwinkel voneinander, langer als hoch; Canthus rostralis

gerade, scharf; Lorealgegend steil, konkav; Nasenloch wenig aufgetrieben, naher der

Schnauzenspitze als dem Auge; Internasalraum kleiner als der Interorbitalraum, der

etwas breiter als ein oberes Augenlid ist; Trommelfell deutlich, 3/5-2/3 mal so breit

wie das Auge, um die Halfte seines Durchmessers von diesem entfernt. Finger nur

mit einem Rudiment von Schwimmhaut; Halftscheiben etwa i so breit wie das

Trommelfell; 1. Finger ktirzer als der 2., der kiirzer als der 4. ist, der von dem 3. weit

iiberragt wird; kein deutliches Pollexrudiment; Subarticulartuberkel deutlich. Zehen

met etwa 2/3 Schwimmhaut, die an alien Zehen das letzte ganze oder das letzte halbe

Glied, an der 4. Zehe die beiden letzten oder IJ letzten Glieder frei lasst; 3. Zehe etwas

langer als die 5.; laterale Metatarsalia fest verbunden; Halftscheiben etwas kleiner

als die der Finger; eine Tarsalfalte vorhanden; medialer Metatarsaltuberkel flach, oval,

lateraler klein, rundlich; Subarticulartuberkel massig. Bei nach vorn gestrecktem

Hinterbein reicht das Tibiotarsalgelenk bis zum Vorderrand oder der Mitte des Auges;

Femur etwas kiirzer als die Tibia, die 4-5 mal so lang wie breit, 2 mal in der Korper-

lange enthalten und langer als der Fuss ist; bei rechtwinklig angeknickten Hinterbeinen

decken die Fersen einander. Haut oben glatt oder mit einigen verstreuten, kleinen

Hockern; Kehle fein, Bauch und Unterseite der Oberschenkel grob gekornelt; keine

Querfalte auf der Brust vorhanden. Farbung (in Alkohol) sehr variabel, meist braun

Oder grau in verschiedenen Abtonungen, einfarbig oder dunkel gefleckt oder marmoriert;

ein dunkler Streifen zieht vom Nasenloch durch das Auge bis zum Ansatz des Oberarmes;

unter ihm verlauft ein weisser oder rotlicher Streifen vom Auge zum Mundwinkel.

Hinterseite der Oberschenkel weiss mit einigen grossen, runden, schwarzen Flecken;

Weichen mit einem oder mehreren grossen, schwarzen Flecken auf hellem Grunde.

Totallange 37 mm. Fundort: Siidaustralien (wahrscheinlich Umgebung von Adelaide).

Hier beschrieben nach 6 Stiicken. Fundort: Siidaustralien, Adelaide ?; Sammler Zietz.

Die Art ist am nachsten verwandt mit Hyla jeudii Werner aus Neuguinea, unterscheidet

sich aber wohl von dieser durch kiirzere Schnauze, schmaleren Interorbitalraum,

grossere Haftscheiben, andere Farbung und andere Merkmale.
Discussion.—Inguinalis agrees fairly well with both jervisiensis and calliscelis.

From the former it is separated by the heel only reaching to the centre of the eye

and the presence of a few large black markings both on the back of the thighs and

the flank. It is very close to calliscelis, but appears to have a larger tympanum, a

wider interorbital space, and to lack the wide dark dorsal band from between the

eyes to the back of the body. It is hoped to discuss this form later in relation to

both jervisiensis and calliscelis.

Hyla jervisiensis Dumeril and Bibron.

Synonymy and references: Hyla jervisiensis: Dumeril and Bibron (1841: 580)

Gunther (1858: 118); Krefft (1864: 389); Keferstein (1868&: 282); Boulenger (1882

383); Werner (1897: 216); Fletcher (1890: 668, 670, 675; 1892: 11; 1894: 527, 530)

Nieden (1923: 234); Loveridge (1935: 44); Scott (1942: 5-6, 10-11); MacKay (1955

161). Litoria jervisiensis: Peters (1873: 612).

Dumeril and Bibron's original description (1841: 580) reads: La Rainette de Jervis.

Hyla Jervisiensis. Nobis. Caracteres. Tete courte, epaisse, ses cotes se rapprochant en

angle sub-aigu, arrondi au sommet. Deux groupes de dents A'^omeriennes, situes entre

les arriere-narines, au niveau de leur bord anterieur. Parties superieures d'un gris

blanchatre. Description. Cette espece reproduit exactement le meme ensemble de

formes que la Rainette bleue, dont elle ne differe que par les caracteres suivants. Les

dents vomeriennes, au lieu de former une rangee transversale, assez generalement a

peine interrompue au milieu, et situee au niveau du bord posterieur des arriere-narines,

sont distribuees en deux groupes tres-ecartes, places sur la ligne qui conduit de Tangle

antero-interne d'une arriere-narine a I'autre. L'espace inter-nasal n'est pas creuse en
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gouttiere; les yeux, bien qu'assez gros, ne font pas de saillie au-dessus du crane, qui

est parfaitement plan. II existe, de plus que chex la Rainette bleue, un petit cordon

glanduleux en arriere de Tangle de la bouche. Coloration. Le canthus rostralis est

marque d'une raie brune; une bande de la meme couleur s'etend longitudinalement

sur la region tympanique. Toutes les parties superieures offrent une teinte d'un gris

blanchatre; toutes les inferieures sont blanches. Dimensions. Tete. Long. 1" 5'".

Tronc. Long. 3" 2'". Membr. anter. Long. 2" 8'". Membr. poster. Long. 6" 1'". Patrie.

Ce Batracien provient du voyage de Peron et de Lesueur aux terres australes. La bale

de Jervis est le lieu de la Nouvelle-Hollande ou il a ete recueilli par ces zeles

naturalistes.

Description of R.l()0Ji-5a, an adult male, Yarramalong Mountain, near Gosford, N.S.W.,

Oct., 1929 (Wright and Barnes) :

Habitus very slender with long limbs, but has a broad head sloping back to a

narrow waist; total length of head and body 42 mm.; head blunt and obtusely rounded,

broader than long (15 to 13 mm.); snout very short (5-5 mm.), equals diameter of eye,

in a flattened curve when seen from above, almost vertical in profile, extending hardly

at all beyond lower lip; canthus rostralis angular, short, almost straight, distinct;

lores distinctly concave; interorbital width rather greater than that of an upper eyelid

(4-25 to 3-75 mm.), narrow top of head flatfish with eye bulges very large and distinct;

internasal space 3-75 mm.; diameter of the eye 1-8 times its distance from nostril;

tympanum round, distinct, directed slightly upward, contained in diameter of eye 1-8

times (3 to 5-5 mm.), distance from eye 1-25 mm., a rounded supratympanic ridge.

Skin smooth above, a few very small pits behind the head; chin minutely granular;

throat and belly coarsely granular; posterior surfaces of thighs more finely so; limbs

otherwise smooth; no pectoral fold; a small glandular fold behind angle of jaws; anal

flap very small.

Forelimb moderately robust but long (32 mm.), 76% of length of head and body;

finger discs small, rounded, considerably smaller than tympanum (2 to 3 mm.) ; hand
13 mm.; fingers in order of length, 1, 2, 4, 3; extent of webbing between fingers about

10% in all cases, but the web may be interpreted as merely a continuation of the

narrow proximal fringes of the fingers; subarticular tubercles distinct, rounded; palm
with three large tubercles; thumb with a large elongated tubercle on the inner side

of the rather swollen base, a black horny patch on the inner and dorsal edge.

Hindlimb long and slender (73 mm.), 174% of head and body; femur 20 mm.,
tibia 23 mm., foot 30 mm.; heel reaches just beyond tip of snout; toe discs small and
rounded, half diameter of tympanum (1-5 to 3 mm.) ; toes in order of length, 1, 2, 3 = 5, 4;

extent of webbing between toes, 39, 49, 65 and 58%, outer toe webbed almost to disc;

all toes with narrow fringes; subarticular tubercles prominent and rounded, distal

large, proximal smaller; sole with two or three rounded tubercles; small metatarsal
tubercles.

Vomerine elevations paired, of moderate size but prominent, transverse, well
separated, the space between them equal to the width of one of them, each equal in
size to one of the choanae which are oblique, situated on a line joining the anterior
edges of the choanae, from which they are distinctly separated; tongue subcircular,
grooved above, free and barely indented behind, about half width of mouth at angle
of jaws; no external vocal sac.

Dorsal colour a uniform creamy grey; a few very small dark brown fiecks, which
are more pronounced on the limbs; a dark brown stripe along canthus rostralis and
the supratympanic ridge; a white line anteriorly below this from nostril; it runs
under the eye and tympanum to above the shoulder, and strongly picks out the
glandular fold behind the mouth; sides with scattered brown spots, small but a little

larger than those of the back; chin, throat and belly uniform light yellow; posterior
and ventral surfaces of thighs a deeper clear yellow without any spots.

Specimens examined and Locality Records: 1 (R.2406, A.M.) Lawson, Blue Mts.,
N.S.W. (E. G. W. Palmer), Nov., 1898; 3-(R.5006-8, A.M.) Blackheath, Blue Mts., N.S.W.
(E. C. Ross), Dec, 1910; 3 (R.6509, A.M.) Wilde's Meadow, Moss Vale, N.S.W. (Thos.
Steel), Dec, 1913; 4 (R.8461, A.M.) Leura, N.S.W. (Thos. Steel), Nov., 1924;
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3 (R.10045, A.M.) Yarramalong Mt., nr. Gosford, N.S.W. (Wright and Barnes), Oct., 1929;

6 (R.10973, A.M.) Launceston, Tas.; 1 (R. 14444, A.M.) Flinders Island, Bass Strait

(R. D. MacKay), 19-20. iii. 1955.

Variation.—Only the three Yarramalong specimens which were found together are

treated here. Both R.10045 b and c are much the same as R.10045a in habitus and

general characters, but they are fairly deep brown instead of grey with a distinct band
extending from between the eyes half way along the body and then breaking up into

obscure dark mottling. The posterior surfaces of the thighs are plain light brown.

The vomerine elevations are a little smaller and almost totally between the choanae.

The white line under the eye to above the shoulder is very conspicuous. There is a

trace of a dark band between the eyes.

Discussion.—Fletcher had six references to this species. He says that he visited

Jervis Bay twice but failed to find 'that extremely rare frog Hyla jervisiensis. Though
described by Dumeril and Bibron . . . the species is, I believe, still known only from

the type specimen obtained during the voyage of Peron and Lesueur". Krefft had an

interesting note (1864: 389) on jervisiensis "common near Sydney, in deep rocky places

between ferns". Scott (1942) gave notes on the history of the species in Tasmania and

added a key. MacKay collected three females on Flinders Island, Bass Strait, and

remarks (1955: 161) that the hinder thigh colour was bright yellow and the largest

specimen measured 35 mm. Loveridge (1935: 44) gives good reasons for including

both Hyla krefftii and calliscelis in the synonymy of jervisiensis, and he may prove to be

correct. Undoubtedly calliscelis, inguinalis and jervisiensis are very closely allied.

Specimens from Tasmania, South Australia and the intervening islands should give

the answer to the problem. Until there are adequate collections available the present

author thinks it wise to suspend judgement. Loveridge's two-page discussion should

be consulted. In the meantime the Yarramalong specimens are unquestionably

jervisiensis, being larger, with body and head wider and more depressed and the habitus

more elongated than the more compact etcingii.

Hyla adelaidensis Gray.

Synonymy and references: Hyla adelaidensis: Gray (1841: 447); Giinther (1858: 113;

1867: 56); Gegenbaur (1865) vide Keferstein (1868?): 278); Krefft (1865: 18; 1866: 33);

Keferstein (1868&: 278); Fletcher (1890: 674; 1898: 672, 674, 681-2, 684); Andersson
(1913: 23); Fry (1914: 209); Werner (1914: 422); Nieden (1923: 227); Kinghorn
(1924: 181); Loveridge (1935: 48); Glauert (1945: 379; 1947: 48); Main (1954a: 118;

19546: 170); Mitchell (1955: 405). Hyla Mnoculata: Gray (1841: 447); Fletcher

(1898: 674). Hyla schuetteii: Keferstein (1868a: 279).

Gray's original description (1841: 447) reads: Hyla Adelaidensis, Gray, t.8.f.2.

Slender; fore-toes quite free, hinder toes webbed to the last joint; (in spirits) gray-

blue, with a series of small oblong tubercles; the sides purple-brown with a white streak

from the under side of the eyes to the shoulders; sides of the belly and region of the

vent purplish, with small white spots; the hinder side of the thighs purple-brown, with
three large oblong white spots; belly and under side of thighs granular; chin white,

brownish dotted; palatine teeth in two roundish groups between the internal nostrils.

Inhab. Western Australia.

Description of No. 7281 in the Australian Museum, an adult female. King George
Sound, Western Australia:

Habitus slender, width of body (14 mm.) 30% of total length of head and body
(47 mm.) ; head pointed, elongated, pentagonal, longer than broad (16 x 13 mm.) ; snout

rather long (7 mm.), 1-4 times diameter of eye (5 mm.), obtusely pointed when seen

from above, rounded in profile, noticeably projecting beyond lower lip; canthus rostralis

angular, straight and long; lores flattish but slightly concave, sloping upwards and
inwards but not much from the vertical; interorbital width distinctly greater than

that of an upper eyelid (4-5 to 3 mm.), top of the head shallowly concave between
prominent eye bulges; internasal space 4-5 mm.; diameter of the eye slightly but

noticeably longer than its distance from nostril; tympanum sharply distinct, almost
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vertical, contained in diameter of eye 1-7 times (3 to 5 mm.), distance from eye 1-75 mm.:

a low but distinct supratympanic fold bending down steeply behind tympanum to

shoulder.

Skin smooth above; chin and throat smooth; belly and underside of thighs with

a small area of posterior surface up to vent coarsely granulate ; limbs otherwise smooth

;

a distinct thin pectoral fold; anal flap very small.

Forelimb moderately robust and long (22 mm.), 47% of length of head and body;

hand 11 mm.: finger discs small, roughly rounded but a little longer than wide, half

size of tympanum (1-5 to 3 mm.); fingers in order of length, 1, 2, 4, 3; the webbing

between the fingers may be described as negligible or barely discernible except that

between the 2nd and 3rd, where it is very evident and amounts to 18% ; fingers fringed

but very narrowly; subarticular tubercles small, rounded, distinct; palm granular;

thumb with a fairly prominent elongated tubercle on preaxial side probably used

for digging.

Hindlimb moderately robust and long, length (74 mm.) 157%; of head and body;

femur 20 mm., tibia 24 mm., foot 30 mm.; heel reaches to nostril; toe discs quite small,

oval, contained nearly twice and a half times in tympanum (1-25 to 3 mm.) ; toes in

order of length, 1, 2, 3, 5, 4, 3rd and 5th subequal; extent of webbing between toes,

63, 69, 71 and 67%; fringes extremely narrow; subarticular tubercles small, rounded,

distinct; sole fairly smooth with one or two small tubercles; inner metatarsal tubercle

large, elongated and projecting, no outer tubercle.

Vomerine elevations paired, large, roundish, transverse, distinctly separated, widely

separated from the small choanae, situated between choanae, projecting very slightly in

front of a line joining the anterior margins of the choanae, about bisected by a line

joining the posterior margins; tongue oval, slightly nicked and free behind, a little

more than half the width of mouth at angle of jaws.

Dorsal colour light brown with patches of dark brown which are irregularly

arranged in broken longitudinal lines, one vertebral and the others dorsolateral; a dark

brown band beginning on the tip of snout, becomes prominent between nostril and

eye and grows wider behind the eye to include whole of tympanum, it then runs along

side to groin; a white line gathers along the upper lip to become uniform under the

eye, whence it runs backwards very distinctly under the tympanum and over the

shoulder to break up half-way along the side into two or three dozen white spots which
contrast sharply with their background—the dark brown band just described; ventral

surfaces light brown becoming more yellow on belly; posterior surfaces of thighs

chocolate-brown with a few odd white spots proximally.

Specimens examined and Locality Records: 2 (R.5105-6, A.M.) Western Australia

(W.A. Museum), Jan., 1911; 2 (R.5301-2, A.M.) Albany, W.A. (A. Abjornssen), 2.1.1911;

8 (R.7584-5, A.M.) Perth, W.A. (J. J. Fletcher), Feb., 1922; 2 (R.7738-9, A.M.) Mississippi

Bay, W.A., 26 m. E. of Esperance (Troughton, Grant, Hull and Wright), Feb., 1922;

2 (R.10967, A.M.) Manjimup, W.A. (M.C.Zool.), 1933; 2 (R.10976, A.M.) Peel Estate, S.

of Perth, W.A. (M.C.Zool.), 1933; 2 (R.13768, A.M.) Spectacle Swamp, 30 m. S.W. of

Perth, W.A. (Q. Vic. Mus., Launceston) ; 69 (7194, 7196-7203, 7205-12, 7218-22, 7224, 7226-

29, 7232-45, 7250-64, 7267, 7269-74, 7276, 7280-82, 7284-5, A.M.) Western Australia, mostly
from King George Sound; 4 (R.7213-6, A.M.) South Australia (no other data); 1 (R.70,

W.M.) Harvey, W.A.; 23 (R.224-42, R.244-7, W.M.) Mammoth Cave, W.A.; 1 (R.256,

W.M.) Balladonia, W.A.; 1 (R.306, W.M.) Pallinup River, W.A.; 4 (R.317-20, W.M.)
Perth, W.A.; 15 (R.976-85, R.2740-1, R.2753-4, R.2761, W.M.) Osborne Park, W.A.;
1 (R.2279, W.M.) Como, W.A.; 1 (R.2421, W.M.) Tambellup, W.A.; 2 (R.2892-3, W.M.)
Bunbury, W.A.; 2 (R.4662-3, W.M.) Lake Clifton, W.A.; 4 (R.6217-8, R.6240-1, W.M.)
Manjimup, W.A.; 1 (R.6780, W.M.) Scaddan, W.A.; 3 (R.8465-7, W.M.) Gin Gin, W.A.;
1 (R.8682, W.M.) no data; 1 (R.11016, W.M.) Pt. Peron, W.A.; Port Essington, N.T.,

vide Giinther (1858: 113; 1867: 56); Monger's Lake, Herdsman's Lake, Boyanup, York
and Albany, all in W.A., vide Werner (-1914: 422); Helena Gorge, near Mundaring
Weir, W.A., vide Main (19546: 170); 7 (U.S.N.M.128720-5, R.3252, S.M.) Oenpelli, N.T.,

vide Mitchell (1955: 405); wetter parts of the south-west . . . collected as far east as
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Pine Hill (between Balladonia and Israelite Bay), vide Main (1954a: 118) ; 89 specimens
from Claremont, Spectacle Swamp, Manjimup, Rockingham, Mt. Melville, Swan View,

Darling Range, Margaret River, Pemberton and Perth, all in W.A., vide Loveridge

(1935: 48).

All 154 A.M. and W.M. specimens, except R.256, have been examined.

Variation.—In a very few cases the diameter of the eye equals its distance from
the nostril. In all 153 specimens examined the snout projects beyond the lower lip

and is often acutely pointed in profile. The nostril is nearly always above or in

advance of the lower lip, but in 7199 and 7267 the snout is almost vertical in profile

and the nostril well behind the lower lip. The supratympanic fold is always present

but varies much in size. Most specimens have a few, scattered, small, low warts

dorsally, but they are rarely conspicuous. In R.306 and R.2741 the warts scattered over

the back are small but very distinct. Twenty-six frogs have the chin and throat finely

granulate to varying degrees. The belly and underside of thighs are always very

coarsely granulate. The finger discs are frequently more than a half and as much
as two-thirds the diameter of the tympanum. Webbing is always present between the

2nd and 3rd fingers, but it is sometimes a mere rudiment. Most individuals examined

were probably males, but vocal sacs were generally difficult to see because of lengthy

hardening in preservative. The sac has openings into the mouth on each side of the

tongue, and external rucking or one median longitudinal fold extending to or almost

to the pectoral fold which forms its posterior border. The heel averages to just in

front of the snout, but sometimes reaches well in front of it. In 41 cases the vomerine

elevations are entirely in advance of a line joining the posterior margins of the

choanae. In the remainder they are about bisected by or are less than half behind

this line. Fletcher's eight specimens from Perth, R.7584-5, have very robust elevations.

An odd specimen has them slightly elongated and oblique, and in 7197 (total length

37 mm.) they are practically unnoticeable. The King George Sound specimens vary a

great deal in their dorsal colour, which may be uniform light or dark brown but

blackish markings are generally present. There may be as few as one distinct spot

or there may be extensive mottling and marbling. Whenever there is much dark

pigment there is at least a tendency to form a three-fold pattern of one median and

two dorsolateral lines. The lines may be continuous or partly continuous and the

remainder broken up into. patches either anteriorly or posteriorly in any combination.

7205 is unique with an irregular tapestry pattern; the median brown markings on a

light cream ground colour have a black border. The heavy black line from nostril

to the side and the wide pure white line from upper lip to above the shoulder are

always present. The white line usually starts under the eye but may occasionally

be very wide and prominent from the snout to the eye. Odd specimens have the white

line persisting behind the shoulder and then breaking up into many white spots.

7220 is unusual in having a second conspicuous, wide, white line above the eye and
then well up on the side nearly to the groin. This line is also plain in R.242, and is

barely suggested in about nine other specimens. The posterior surfaces of the thighs,

except for the triangular granular area up to the vent, are very variable. They may
be uniformly brown or dusted with white, or there may be from one to dozens of

prominent separate white dots; again there may be a few very large more or less

confluent white spots. Juveniles develop the typical pattern early.

Discussion.—This frog with its elongate, pointed snout, which gives it a shark-like

profile, is typically a western form, but the question of its extension of range affords

problems. The action of Boulenger and Andersson in including schuetteii in the

synonymy seems amply justified on Keferstein's original description and figure, but this

raises a puzzle in distribution. Keferstein's type came from Sydney and it is almost

certain that the species occurs nowhere near that city. However, the specimen may
quite easily have been only sent from there by Dr. R. Schuette. The importance of

exact locality records was not appreciated at the time and it is probable that friends

who knew the doctor's interest in collecting frogs would bring him specimens from
various places. There is no specimen of adelaidensis from the south-east corner of

Australia in any of the six main Australian museums. Excluding schuetteii, moreover.
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there seems to be only one reference, that of Krefft (1866: 33) who says "Hyla

adelaiclensis. Adelaide Tree Frog. This species is not common on the Murray; its range

extends as far as Western Australia". I feel reasonably sure, however, that adelaiclensis

does not occur in the south-east but must keep an open mind. Gtinther (1858: 113)

records 14 specimens from Port Essington which were presented by Dr. Fleming.

Glauert (1947: 48) pointed out the necessity for accuracy in locality records and denied

Dr. Fleming's and the British Museum's Port Essington records of four typically

south-west Australian frogs. Glauert's comments cannot be included here but should

be consulted. It must be noted that Mitchell (1955: 405) records seven adelaidensis

from Oenpelli in the Northern Territory. Fletcher handled only frogs from south-west

Australia. Although he notes Krefft's Murray River reference earlier, he says

(1898: 684) "as far as present knowledge goes Port Essington appears to be the eastern

limit of Hyla adelaidensis". Boulenger's comprehensive description (1882: 408) is

practically followed by Nieden (1923: 227). Andersson (1913: 23) gives a carefully

detailed account of the colour and pattern of his Ave frogs from Perth and notes

their closeness to schuetteii. Werner (1914: 422) deals with the coloration of nine

specimens from five localities. Loveridge (1935: 48) who had 89 specimens discussed

diagnosis and colour pattern in life, and says "In coloration (after preservation in

alcohol) the blue gray backs of the young (taken in grass on the edge of a swamp at

Manjimup) are reminiscent of preserved examples of Hyla bicolor but may be dis-

tinguished by their elongate and more acuminate snouts". Main (1954a: 118) gives

notes on distribution, colour and habitat "reed-grown margins of swamps and lakes".

Gray's binoculata (Moculata) described on the same page as his adelaidensis is obviously

identical with it. Gray divided his species into three varieties based mainly on the

spotting on the posterior surfaces of the thighs, but these all fall within the range of

adelaidensis as shown above under the heading of variation.

Hyla aurea aurea (Lesson).

Synonymy and references: Rana aurea: Lesson (1830, 60). Hyla aurea: Giinther

(1858: 114); Girard (1858: 48); Krefft (1864: 388; 1865: 18); Steindachner (1867: 61);

Keferstein (1868&: 284); Boulenger (1882: 410); Fletcher (1889: 358-9, 365, 368-72,

381-2, 384-5; 1890: 667, 670-3, 675; 1891: 264; 1892: 8, 12; 1894: 525-6, 530); Chisholm

(1925: 62); Briggs (1934); Parker (1938: 302); Loveridge (1935: 49; 1950: 134);

Moore (1954: 65). Ranoides Jacksoniensis (Hyla Jacksoniensis, Bibron MS.): Tschudi

(1838: 76). Hyla Jacksoniensis: Dumeril and Bibron (1841: 602). Hyla {Auletris)

jacksoniensis: Fitzinger (1843: 30). Ranoidea resplendens: Girard (1853: 422; 1858:

48). Ranoidea flavoviridis: Girard (1853: 422). Ranoidea aurea: Girard (1858: 48).

Auletris jacksoniensis: Fitzinger (1860: 413). Litoria aurea: Giinther (1864: 49).

Fanchonia elecjans: Werner (1893: 82; 1897: 266).

Lesson's original description (1830: 60) reads: Grenouille Bande-D'Or. Rana aurea,

Less. (PL VII, fig. 2, g.n.) White, dans sa Voyage a la Nouvelle-Galles du Sud,

a donne une figure d'une grenouille de la Nouvelle-Hollande (pi. et pag. 248) sous le

pom de blue frog. Mais sa description est si incomplete et sa figure est si mediocre, que

nous ignorons quelles sont ses analogies avec I'espece que nous figurons. Cette grenouille

epaisse et regulierement proportionnee, est longue de 2 pouces et demi. Ses yeux

sont gros et saillants. Son museau arrondi, court et obtus. Ses membres anterieurs

sont termines par 4 doigts legerement arrondis a leur sommet, et les cinq doigts des

pieds egalement globuleux a leur phalange derniere sont proportionnes et largement
palmes. Le corps est lourd, un peu ventru. La bouche ample et tres-fendue. Les

cuisses epaisses et charnues. Elles sont Tongues de 14 lignes, les jambes ont aussl 14

lignes, et les tarses, le grand doigt compris, ont 19 lignes. La peau du corps est lisse,

unie, celle du ventre rugueuse chagrinee, tandis que celle de la gorge est lisse. Le
dessus du corps et les membres sont bleu-celeste clair, le dessous et le dedans des

membres sont blanc bleuatre. Ce qui distingue cette belle espece, est une bande d'or

tres-scintillante qui nait sur le rebord. orbitaire, suit longitudinalement les cotes du

corps, et s'arrete au point de depart des cuisses. Un oeil simule par un point noir

cercle d'or occupe le dessus de la- commissure de la bouche, non loin et derriere I'oeil
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veritable. Une bandelette doree contourne le bord de la machoire superieure, et depasse

Tangle de la bouche. Les doigts et les pieds sont blanchatres. Nous observames cette

grenouille dans la riviere Macquarie a Bathurst, au-dela des montagnes Bleues. EHe
y est abondante.

Description of A.C.338, an adult male, Razorback Mountain, near Picton, N.S.W.,

S.V.1939:

Habitus, a sturdy but not especially thick-set species, width of body (34 mm.)
43% of total length of head and body (80 mm.); head smoothly and obtusely pointed,

a little longer than broad (28 x 26 mm.); snout rather long (13 mm.), nearly twice

diameter of eye (7 mm.), rounded when seen from above and in profile, extending well

in front of lower lip; canthus rostralis distinct, straight and angular; lores decidedly

concave, receding at a low angle from rounded upper jaw; interorbital width equals

that of an upper eyelid or may be the merest fraction more (5-5 mm.), the narrow
top of the head is flattish between the extremely prominent eye bulges; internasal

space 5 mm.; diameter of the eye equals its distance from nostril; tympanum very

distinct, round, set obliquely, contained in diameter of eye about 1-1 times (6 to 7 mm.),
distance from eye 2 mm.; supratympanic fold very conspicuous, it starts behind the

. eye and divides just behind the tympanum, one part bending down to end above shoulder

and the other continuing straight along the side.

Skin smooth or very finely roughened dorsally; belly with ventral and most of

posterior surfaces of thighs coarsely granulate; more finely granulate under forelimbs

end throat; ventral margin of lower jaw smooth; sides coarsely granulate, less so

posteriorly; upper eyelids and triangular area behind tympanum rough; limbs dorsally

and all of hindlimb below knee smooth; a rather inconspicuous pectoral fold; a very

small anal flap.

Forelimb robust and fairly long (50 mm.), 63% of length of head and body; hand
23 mm. ; finger discs well developed, slightly longer than wide, about half diameter

of tympanum (3 to 6 mm.); fingers in order of length, 1, 2, 4, 3; the rudimentary

webbing is practically little more than the junction of the distinct fringes except that

between thumb and 2nd finger, where it is somewhat more prominent; subarticular

tubercles large and prominent; palm with two large elongated tubercles; thumb with

a large pad and with a prominent elongated preaxial tubercle.

Hindlimb long and robust, length (131 mm.) 164% of head and body; femur

34 mm., tibia 40 mm., foot 57 mm.; heel reaches to about nostril; toe discs distinct,

rounded, about equal in size to those of fingers (3 mm.) ; toes in order of length,

1, 2, 3 = 5, 4; extent of webbing between toes, 76, 80, 71 and 75%, the strong granular

Aveb reaches to the discs of the 1st and 5th and postaxial side of 4th; toes distinctly

fringed; subarticular tubercles distinct, flattened; sole granular; large oval inner

metatarsal tubercle, no outer tubercle.

Vomerine elevations paired, strongly developed and projecting, well separated

from each other but close to choanae, each bearing six or seven minute acicular teeth,

about transverse, perhaps very slightly oblique convergent posteriorly, no part in

advance of choanae, about bisected by line joining posterior borders of choanae, which

are moderate in size; tongue suboval, free and feebly indented behind, nearly as wide

as mouth at angle of jaws; a rather large subgular vocal sac with its posterior margin

forming most of the pectoral fold and with a large opening into the mouth at each side

of the tongue.

Colour above bluish in alcohol; yellowish-white below; sides with a good deal of

the same colour; a very plain white line from eye over the tympanum follows a distinct

dorsolateral fold along the body to the groin; another distinct short white line from

under tympanum to above shoulder.

Specim,ens examined and Locality Records: 8 (A.C. 165-172) Razorback Mt., near

Picton, N.S.W., 16.X.1938; 4 (A.C. 336-9) Razorback Mt, N.S.W., 8.V.1939; 3 (A.C. 350-2)

Bundanoon, N.S.W., 21.V.1939; 1 (A.C. 413) Tallong, N.S.W., 22.V.1939; 1 (A.C. 1364)

Fitzroy Falls, N.S.W., 8.X.1941; 1 (A.C. 4531) Barrengarry Mt., N.S.W., 5.xii.l949: last

two localities east of Moss Vale; 1 (A.C. 5051) Waverley, Sydney, N.S.W., 15.X.1953;
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10 (R.4194-6, R.4198-4203, R.4205, A.M.) Maroubra, N.S.W. (Fry and Ross), 26.ix.1908;

1 (R.4251, A.M.) Warrell Creek, Nambucca River, N.S.W. (D. Pry), Oct., 1908;

1 (R.4452,' A.M.) Sans Souci, Botany Bay, N.S.W. (H. Wright), 6.V.1909; 4 (R.4665-8,

A.M.) Woonona, near Bulli, N.S.W. (H. L. Coleman), Feb., 1910; 2 (R.5388-9, A.M.)

North Sydney, N.S.W. (S. J. Johnston), Oct., 1911; 1 (R.5849, A.M.) Cook's River,

Sydney, N.S.W. (A. Musgrave), Aug., 1912; 2 (R.5893-4, A.M.) Nambucca River, N.S.W.

(H. E. Smart), Sept., 1912; 1 (R.6324, A.M.) Gurravembi, Nambucca R., N.S.W. (Fry

and Smart), Oct., 1913; 1 (R.6664, A.M.) Noumea, Nevr Caledonia (Roux, Basel Mus.),

15.V.1914; 1 (R.7325, A.M.) Capertee, N.S.W. (J. J. Fletcher), Nov., 1921; 1 (R.7376,

A.M.) Burrawang, N.S.W. (J. J. Fletcher), Nov., 1921; 2 (R.7446-7, A.M.) Pambula,

N.S.W. (J. J. Fletcher), Feb., 1922; 1 (R.7527, A.M.) Lower Clarence River, N.S.W.

(J. J. Fletcher), Feb., 1922; 1 (R.7974, A.M.) Upper Colo, via Richmond, N.S.W.

(Kinghorn, Fletcher and Wright), Oct., 1922; 1 (R.8256, A.M.) Botany Bay, N.S.W.

(F. A. McNeill), 19.xii.l923; 3 (R.8454, R.8456, R.8483, A.M.) Sydney, N.S.W. (T. Steel),

Nov., 1924; 3 (R.9424, R.9426-7, A.M.) Wentworthville, N.S.W. (J. F. King), Jan., 1928;

1 (R.9532, A.M.) Botany, N.S.W. (Boy Scouts), Oct., 1928; 1 (R.9558, A.M.) Five Dock

Quarry, Sydney, N.S.W. (F. Hawks), Oct., 1928; 1 (R.12075, A.M.) Botanic Gardens,

Rotorua, New Zealand (J. C. Wiburd), ll.iii.l937; 5 (R.14529, A.M.) East Lakes, Sydney,

N.S.W. (J. Moore), 17.X.1952.

All 63 specimens listed have been examined.

Variation.—It has been found impossible to exclude a good deal of information

about a. raniformis while discussing a. mirea, and the details given here have not

usually been repeated. With the few qualifications below all 58 adult frogs of the

central eastern a. aurea subspecies agree in having no vertebral line from snout to vent

and in having a quite smooth or practically smooth dorsum, at most with a very few

scattered low warts. A white line follows the dorsolateral fold, which is continuous or

nearly so, from the upper eyelid to groin. There is a shorter white line from the upper

jaw to over forearm; and a black line along the canthus rostralis which may run well

along the side under the white dorsolateral line. The posterior surfaces of the thighs

are usually plain bluish over light yellowish-brown. One of the four Woonona frogs is

exceptional in having a trace of a light median stripe along the posterior half of the

body although the others are normal. R.6664 from New Caledonia shows traces of the

dorsal colour pattern and other characters of typical a. aurea, but the dorsolateral

stripe and fold die out before the groin. However, this is matched in the Woonona and

a few other frogs. R.5388, but not R.5399, has a few low but rather large warts scattered

over the posterior half of the dorsum. The vivid green markings of life are often

preserved as a bold reticulation in light and dark. In R.4202 and R.8456 it survives in a

beautifully reticulated pattern. Ventral surfaces are immaculate yellow or white. Forty

specimens have the typical large, well separated, transverse vomerine elevations.

Eighteen, including two Maroubra, three Bundanoon and four Razorback Mountain
individuals, have small rounded elevations, which are usually totally between the choanae

but in one case behind them. Three Maroubra and one Woonona frog have them
oblique. In four or five cases the elevations can hardly be termed separated and this

may have bearing on the status of a. ulongae. Measurements of a large series of a. aurea

showed that the length of the inner metatarsal tubercle was contained on the average

in its distance from the tip of the inner toe exactly three times. This was very little

different from the 2-9 times of an even larger series of a. raniforviis. The head is

slightly longer than wide in 75% of cases, equal in the rest. Combined femur and tibia

measurements are somewhat variable. The heel falls short of the snout in about 65%.

In half the remainder it reaches just to the tip, and in the rest it extends beyond.

Length of the hindlimb to that of the head and body averages 170%. Aurea seems to be

a larger race than raniformis. Of 19 specimens in the author's collection snout-vent

measurements exceed 60 mm. six times (32%) and of these four are more than 70 mm.
(21%), i.e. 60, 65, 74, 77 and 80 (twice). In a much larger series of raniformis (93)

60 mm. is exceeded the same number of times (6%), but 70 mm. only once (1%), i.e.
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60, 61 (twice), 64, 65 and 71 mm. In both races males have a black, horny nuptial plate

on the thumb. R.9558 is unusual in having two extra limbs, while R.9532 has three

practically perfect left forelimbs.

Discussion.—This the nominate race occurs commonly in the central eastern areas

of New South Wales—about Sydney and extending over the Dividing Range to Bathurst,

which is the type locality, and nearby places about the headwaters of the Macquarie

River. Its range also includes the southern tablelands at least as far as Tallong, and a

narrow coastal strip 800 miles long almost reaching the Queensland and Victorian

borders. There is an island of a. ulongae in the Dorrigo district in the north; and
to the south the coastal Pambula population is only separated by a few miles from the

upland Bombala a. raniformis. References to aurea have been sorted out as well as

possible, but one cannot know definitely in some cases what race is referred to. Aurea
aurea is characterized by its practically smooth dorsum and lack of a white vertebral

stripe among other details which are dealt with fully under variation of both a. aurea

and a. raniformis. Lesson's original description (1830: 60) of his frogs, which he found

abundant on the Macquarie River at Bathurst, clearly applies to this race. He notes

that the skin above was uniformly smooth, and in his fairly detailed account of the

coloration makes no mention of a vertebral white line. Fletcher gives more than 20

references. He describes breeding habits and other behaviour (1889: 384). His

records from Guntawang and CuUenbone, near Mudgee, are almost certainly of a. aurea

for Mudgee is only about 60 miles from Bathurst. Numerous early authors are listed in

the synonymy. Classification of the races of aurea was confused until Parker (1938: 302)

separated off the Western Australian Hyla cyclorliyncJius and divided eastern forms

into a. aurea and a. raniforynis. The latter still included Western Australian frogs as

well as those from Victoria and Tasmania. Parker was handicapped by lack of material.

He says that no specimens had been examined from south western New South Wales.

Moore (1954: 65) proved that the Western Australian form known as Hyla aurea was
distinct from the Sydney one by crossing experiments. However, he retained the name
Hyla aurea raniformis (Parker) for both the Western Australian and Victorian frogs.

A. aurea has been introduced into both New Zealand and New Caledonia. Krefft (1864,

1865) remarks that aurea appears to live in the water exclusively, and notes its service

as food for the natives and Pseudechis, and in turn the frog's own omnivorous appetite.

He also gives information on range, habitat, habits, colour and voice. Briggs (1934) in

his text-book gives the only complete morphological and anatomical account, of which I

am aware, of any Australian frog.

Hyla aurea eanifokmis (Keferstein).

Synonymy and references: Chirodryas raniformis: Keferstein (1868a: 358). Hyla

aurea: Krefft (1866: 33); Keferstein (1868&: 284); McCoy (1867: 182; 1885: 13);

Boulenger (1882: 410); Fletcher (1889: 358; 1890: 674-5; 1891: 272; 1894: 530); Lucas

(1892: 61; 1896: 47); Spencer (1892: 21); Waite (1,929: 258); Fleay (1935: 122);

Loveridge (1949: 214). Ranhyla aurea: McCoy (1867: 182). Ranoidea aurea: McCoy
(1885: 13). Hyla aurea raniformis: Parker (1938: 302); Loveridge (1950: 134).

Keferstein's original description, which includes that of his new genus (1868a: 358)

reads: Chirodryas, gen. n. Gaumenzahne vorhanden, Zunge breit, Trommelfell gross,

am oberen Rande von einer niedrigen aber langen Parotis iiberragt. Finger frei,

Daumen stark entgegensetzbar, Zehen mit grosser schwimmhaut; Endplatten deutlich,

aber nicht sehr gross. Riicken mit zerstreuten grossen Hockern. Schmale Parietal-

fontanelle, grosses und verknochertes Ethmoidale, welches die vorderen Stirnbeine

oben weit auseinanderdrangt. Clavicula und Coracoideum von fast gleicher Starke,

schmale Epicoracoidbogen, grosses sweizipfliges Xiphosternum, grosses Knorpeliges

Bpisternum. Querfortsatze des Sacralairbels stark verbreitert. Diese Gattung unter-

scheidet sich von Pelodryas ausser durch den sehr abweichenden mehr Rana-artigen

Habitus durch die kleinen Endscheiben der Finger und Zehen, durch die hdcKrige

RUckenhaut und durch die schmale Parietalfontanelle. Chirodryas raniformis sp. n.

Gaumenzahne in zwei etwas nach hinten convergirenden, langlichen von vorderen
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Rande der Choanen beginnenden Gruppen. Zunge breit, hinten etwas ausgeschnitten.

Canthus rostralis stumpf, Schnauze unten nach vorn vorgezogen. Hinter dem Mund-

winkel eine stark vorspringende Fettmasse. Zehen mit dreiviertel Schwimmhauten, am
Metatarsus ein Hautsaum und unten ein spitzer Hocker. Der ganze Riicken mit

zerstreuten grossen Tuberkeln, die Unterseite mit kleinen, dichtgedrangten Warzen,

zwischen den Armen eine Hautfalte iiber der Brust. Riicken braunlich mit heller

Riickenlinie und hellen Marmorirungen, am Canthus rostralis ein dunkler auf der

Parotis ein heller Streif.—Korper 82 mm., Beine 116 mm. lang. Australian (ein

Exemplar).

Specimens examined and Locality Records: 1 (A.C.4833) Tocumwal, N.S.W. (I. M.

Watts), l.xi.l951; 9 (A.C.5648-56) 18 m. W. of Bairnsdale, V., 28.xii.1955; 24 (A.C.5747-70)

Gol Gol, lower Murray River, N.S.W., 11. i.1956; 16 (A.C.5785-5800) Darlington Point,

Murrumbidgee River, N.S.W., 13.1.1956; 9 (A.C.5826-34) Balranald, Murrumbidgee River,

N.S.W. , 12.1.1956; 3 (A.C.5858-60) 10 m. W. of Narrandera, Murrumbidgee River, N.S.W.,

14.1.1956; 6 (A.C.5861-6) 8 m. S. of Bombala, N.S.W., 26.xii.1955; 11 (A.C.5919-21, 5924,

5927, 5929-30, 5933-4, 5943, 5946) Fryingpan Creek, 1 m. S. of Adaminaby, N.S.W.,

23.xii.1955; 1 (A.C.5978) 13 m. S-E. of Horsham, V., 3.1.1956; 13 (A.C.6006-18) Bacchus

Marsh, V., 1.1.1956; 1 (R.5233, A.M.) Berridale, Monaro Dist., N.S.W. (E. L. Troughton),

Feb., 1911; 4 (R. 5959-62, A.M.) Naracoorte, S.A. (E. A. Briggs), Nov., 1912; 1 (R.6683,

A.M.) Naracoorte, S.A. (A. M. Sharpley), June, 1914; 1 (R.7344, A.M.) Emu Plains,

near Narrandera, N.S.W. (J. J. Fletcher), Nov., 1921; 1 (R.8421, A.M.) Mt. Horeb,

Tumut Dist., N.S.W. (J. H. Wright), Sept., 1924; 5 (R.9480-4, A.M.) Koonadan, Leeton,

N.S.W. (McKeown and Kinghorn), 1928-9; 1 (R.9644, A.M.) Tumut, N.S.W. (T. V.

Sherrin), 15.xi.l928; 8 (R.10661-8, A.M.) Yanco, Murrumbidgee area, N.S.W. (Kinghorn,

McKeown and Barnes), Oct., 1932; 21 (R.10669-89, A.M.) Tubbo Station, Riverina, N.S.W.

(K., M., and B.), Oct., 1932; 2 (D.3276-7, N.M.) Mordialloc and Brighton, V.; 2 (D.5529-30,

N.M.) Darwin, N.T.; 1 (D.7974, N.M.) Cobungra, V. (A. Burns), 24.ii.1947; 2 (D.7989-

90, N.M.) Macedon, V. (D. G. Hoffman), 10.x.1948; 1 (R.2809, S.M.) Tailem Bend, S.A.

(H. Johnston), 24.iii.1947.

All 144 A.M., N.M., S.M., and A.C. specimens have been examined.

Variation.—This race normally differs from a. aurea in having a distinct white

vertebral line from snout to vent and in having the back warty, especially from
behind the head to the end of body. The dorsum may be extremely warty, generally

without pattern, but the warts may be arranged roughly in four or six longitudinal

rows. The distinct white line from nostril to groin following the dorsolateral fold

may be quite wide. The fold is, often broken up posteriorly into a series of disconnected

tubercles or it may even die out. Ventral surfaces are usually immaculate white. The
posterior surface of the thigh is normally divided into a lower narrow, light, plain

brown area and an upper area heavily marked with white as spots or patches on

brown. About 43% of the frogs examined strictly belong to this typical class. They
include 15 of the 16 Darlington Point individuals, 10 of the 24 Gol Gol, and seven of

the nine Bairnsdale. A.C.5648 has a nearly smooth dorsum and A.C.5650 is ventrally

much suffused with dark. Another 52% are nearly typical as the frogs above, but

the vertebral line is only faint and there is usually a trace of dark on chin and throat.

They clearly belong to a. raniformis and can easily be distinguished on the grounds
of wartiness and other characters. This group includes the Balranald, Bombala.
Tocumwal and Horsham frogs, 14 from Gol Gol, two from Bairnsdale, and one each

from Narrandera and Darlington Point. The remaining frogs distributed over the

whole geographical range have the vertebral line missing. Twenty-two specimens have
the back of the thigh divided into a pale ventral band, above it a bluish band with a

few white spots about the vent. In the large Riverina series in the Australian Museum
individuals are often extremely warty with very wide and distinct median stripes

and occasionally, as in R.10661, have black dendritic markings extending from the chin

to well behind the forelimbs. Nearly every specimen has the vomerine elevations

large, transverse and narrowly separated. In five frogs they are small, rounded and
totally behind the choanae, in ' seven others small and almost totally behind. In
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A.C.5653 the elevations are hardly separated. The webbing of the toes is slightly

more developed than in a. aurea. The majority have the head as long as wide, but in

20 it is slightly longer and in 12 a little wider. The length of the snout to the diameter

of the eye is equal at 1-73 in both a. aurea and raniformis, but frogs from southern

Victoria may have the snout a trifle shorter. In the Bairnsdale specimens the

ratio is 1-59 and those from Bacchus Marsh 1-53. The heel fell short of the snout

in 62% of cases, to the tip in 13%, and slightly beyond in 25%. The length of the

hindlimb to that of head and body averages 166% and does not depart more than 1%
from this for groups of frogs taken separately. The 11 juveniles from Adaminaby

with metamorphosing tails and all with snout-vent measurements about 16 mm. are

Interesting in that the dark pigment which later in adults becomes distributed in

spots and patches over the back is concentrated in four longitudinal streaks. Two of

these are large and half-way between the vertebral and dorsolateral positions. They

extend for most of the posterior two-thirds of the body or from between the eyes to

the end of the body. The two others are shorter, more posterior and high on the

sides. There may be one or two smaller patches on each side. The white line below

the eye and at least the beginnings of the dorsolateral one are clearly outlined.

Discussion.—Keferstein (1868«: 358) received his single type specimen from

Sydney, but no doubt it was brought from the country, although the locality is not

stated. The description does not apply to frogs living about Sydney with their smooth

backs and absence of a vertebral line. Keferstein says that the whole back of his

type was scattered with large warts and had a light vertebral line. Later (1868&: 285)

he sank his raniformis in the synonymy of Hyla aurea, saying that he had examined
more than 100 of that species and that raniformis was only an aged specimen. Here

he was obviously dealing with a mixed series of aurea aurea and aurea raniformis,

because he states that the backs are generally smooth and ascribes wartiness to

advanced age. This is not so, because many small Murrumbidgee frogs are very warty

while large Sydney ones are smooth. Keferstein's mention that there was sometimes

a light stripe down the back is another proof that his large collection was composed

of individuals of both races. He also gives a clear illustration (Plate 7, fig. 18) of

the specimen he had previously described as raniformis. The figure shows the vertebral

white line and dorsal wartiness very well. The figure with the two descriptions leaves

no doubt that raniformis is the valid name for those frogs with their headquarters

in the Murray system and that it cannot be applied to those of central eastern New
South Wales. Nieden (1923: 223) also had the two eastern races and at least one,

probably both, of the Western Australian species mixed in his description. Krefft

(1866: 33) notes this subspecies as the "Common Golden Tree Frog, Hyla aurea" from

the lower Murray and Darling, and says: "This species, widely distributed over

Australia, is the most common of all our Batrachians: the natives when pinched for

food capture large numbers of it by the light of a torch at night; a supply of this frog

can always be secured wherever there is fresh water near." Lucas (1892: 61) records

it from all parts of Victoria. I think Fletcher had at least five references to this race.

McCoy writes (1867: 182): "The Batrachia, with the exception of the common green

frog (Ranhyla aurea) are rarely seen or heard, the true tree-frogs (Hyla) inhabiting

the lofty gum trees." In his Prodromus (1885: 13) he gives a very good description,

especially of colour, and a long discussion on voice. Fleay (1935: 122) records

rayiiformis swallowing small Tiger Snakes. Two frogs were photographed eating the

same snake from opposite ends.

Hyla aurea major, subsp. nov.

Synonymy and references: Hyla aurea: Boulenger (1882: 410); Fletcher (1898:

673); English (1910: 633); Lord and Scott (1924: 102); Scott (1942: 5, 10).

Type.—No. 1939.120, in the Queen Victoria Museum, Launceston, T., Collins Gap, T.

(W. H. Boswell).

Description.—The specimen is very closely allied to H. a. raniformis. There is a

very distinct white vertebral stripe. The vomerine elevations are robust, slightly
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oblique, touch the line joining the anterior borders of the choanae and are about half

behind the choanae. Each bears about six sharp, needle-like teeth, and are well

separated. The dorsum is warty. Snout-vent measurement is 72 mm.

Specimens examined and Locality Records: 1 (R.6048, A.M.) Launceston, T.

(Q.Vic.Mus.), Jan., 1913; 2 (1939.120, Q.V.M.) Collins Gap, T. (W. H. Boswell) ; 2 (1159,

a and b, Q.V.M.) Launceston, T. (T. M. S. English), 1910; country drained by the

North Esk, South Esk, Tamar and Mersey Rivers, vide English (1910: 633); Burine,

Emu Bay, T., vide Fletcher (1898: 673).

Variation.—The small series examined show little variation. Sides are very warty,

especially the continuation of the dorsal fold. R.6048 has the throat and other ventral

surfaces immaculate light yellow.

Discussion.—The Tasmanian race is separated from raniformis almost solely on

the grounds of larger size. Four Q.V.M. specimens measured 72, 62, 61 and 54 mm.
Lord and Scott (1924: 102) give the body length as 80 mm. In large series of

raniformis 60 mm. was only exceeded in about 6% of specimens, and 70 mm. only once

(about 1%), and then only by 1 mm. (71 mm.). It must be noticed, however, that

Keferstein gave the body length of his type of raniformis at 82 mm., which can only

be regarded as very exceptional. Fletcher (1898: 673) records frogs collected at

Burine, Emu Bay, remarking "three specimens with a light vertebral stripe, as is

common in western examples". English (1910: 633) gives notes on distribution and
habits. He says "a well marked specimen is most gorgeously coloured: green, gold,

blue and white . . .". Lord and Scott remark on the frog's ability to change colour

with extreme rapidity. Boulenger (1882: 410) records Tasmanian specimens collected

by R. Gunn and Capt. Ross's Expedition.

Hyla aurea ulongae Loveridge.

Synonymy and references: Hyla aurea ulongae: Loveridge (1950: 133); Moore
(1954: 67).

Loveridge's original description (1950: 133) reads: Hyla aurea ulongae, subsp. nov.

Type.—California Academy of Sciences No. 83,235, a male from Ulong, northeastern

New South Wales. Collected by J. R. Slevin, January 28, 1948. Diagnosis.—This frog,

uniformly plumbeus above, immaculate white below, is characterised by a single series

of vomerine teeth between, and level with, the anterior borders of the choanae.

Undoubtedly closely related to aurea, from which it may be distinguished as follows:

1. L.eng'th of inner metatarsal tubercle contained 3 to 3J times in its distance from the tip

of the inner toe , 2

Length of inner metatarsal tubercle contained 2 to 2J times in its distance from the tip

of the inner toe ; dorsolateral fold indistinct or discontinuous ; vertebral and dorsolateral

light lines usually absent though sometimes indicated in the young 3

2. Dorsum with more or less strongly developed warts, rarely smooth ; dorsolateral fold

broken up into a chain of warts and not extending to the groin ; a vertebral light

line usually indicated ; dorsolateral light lines frequently broad and discontinuous, being
less sharply defined than in typical aurea ; range : Northern Territory ; Western
Australia ; Victoria ; Tasmania a. raniformis (Keferstein)

Dorsum almost or quite smooth ; dorsolateral fold continues from eye to groin ; no light

vertebral line ; a light line along the dorsolateral fold and another from beneath the
eye to the shoulder; range: New South Wales (introduced into New Caledonia and
New Hebrides) a. awea (Lesson)

3. Dorsum smooth ; entire underside, including axillae, groins, concealed surfaces of femora,
tibia and tarsi, uniformly white ; range : New South Wales ... a. ulongensis, subsp. nov.

Dorsum warty ; axillae, groins, concealed surfaces of femora, tibiae and tarsi, black with
conspicuous, round, yellow spots ; range : south Western Australia

a. cyclorhynchus (Boulenger)

Description.—Head slightly longer than broad; snout subacuminate, its length (to

anterior corner of eye) slightly less than the distance separating the anterior corners
of the eyes; nostril considerably nearer the end of the snout than it is to the anterior
corner of the eye; canthus rostralis not very distinct; loreal region oblique, concave;
interorbital space the width of an upper eyelid; diameter of tympanum two-thirds that



BY STEPHEN J. COPLAND. SI

of the eye; tongue large, not or but slightly emarginate behind, slightly free; vomerine

teeth strongly developed in a single, slightly curved series between, or anteriorly on

a level with, the front of the choanae. Fingers free of web, first shorter than second,

which is shorter than fourth, which is shorter than the third, disk of the third rather

more than half the diameter of tympanum; toes well webbed, the web extending half-

way between the distal tubercle and disk on the first, to the disk on the second, third,

and fifth, to just beyond the second tubercle on the fourth toe; in other words the

terminal joints free of web from first to fifth are J, 0, 0, 2, and 0; subarticular tubercles

well developed; an oval inner, but no outer, metatarsal tubercle; tibio-tarsal articulation

of the adpressed hindlimb reaches the nostril. Skin above smooth; a curved supra-

tympanic fold; forearm smooth, without dermal ridge or series of tubercles; being a

male there is a partly pigmented nuptial swelling at base of first finger; no lappet on

heel; a rather inconspicuous dermal ridge along outer edge of foot. Below, throat

and breast smooth; belly and thighs granular. Colour.—^Above, uniformly plumbeus.

Below, immaculate white. Size.—Total length from snout to anus of holotype male,

49 mm., hindlimb 82 mm.

Specimen examined and Locality Record: 1 (R.13817, A.M.) Ulong, Dorrigo Dist.,

N.S.W. (J. R. Slevin) 28.1.1948.

Discussion.—The type which is now in the Australian Museum is the only specimen

examined. Specimens of a. aurae from the Nambucca and Clarence Rivers differ from It.

They have prominent white lines dorsolaterally and running along the upper jaw under
the tympanum to the shoulder. Their vomerine elevations are also strongly developed

and paired, and in addition R. 5893-4 are slightly warty posteriorly. Ulongae may be an
upland form and it seems wise on the grounds of its coloration and single vomerine
series to retain it as a subspecies. Further collecting may straighten out the matter.

Hyla blandsuttoki Procter.

Synonymy and references: Hyla blandsuttoni: Procter (1924: 1128); Loveridge

(1935: 50).

Procter's original description (1924: 1128) reads: Description of a new species of

Hyla. Among a small collection of live Reptiles and Batrachians from Australia, recently

purchased by the Society, is a beautiful Tree-Frog of the genus Hyla, which belongs

to a new species, which I propose to call blandsuttoni in honour of Sir John Bland-Sutton.

Hyla blandsuttoni. sp. n. Description. Habit raniform. Head longer than broad; snout

obtusely pointed, canthus rostralis distinct, loreal region very oblique, somewhat
concave; nostril twice as far from eye as from tip of snout; interorbital space as wide as

or a little narrower than the upper eyelid: tympanum distinct, oval, about i the

diameter of the eye. Fingers free, first slightly longer than second, and used as a

thumb in life;* toes 3 webbed, leaving two phalanges of fourth toe free; digital discs

small, as in H. arhorea, those of fingers and toes equal; subarticular tubercles moderately

developed, a small oval inner metatarsal tubercle and a slight tarsal fold. Tibia

4i times as long as broad; tibio-tarsal articulation reaching the anterior corner of the

eye when the hind limb is adpressed. Skin finely granular above, coarsely so beneath,

the parts of the legs which are usually concealed are, however, covered with very

delicate smooth skin; a dorso-lateral glandular fold extending from the posterior corner

of the eye almost to the groin; a second, indistinct and broken up on each side of

the back. Coloration: iridescent bronze on all exposed upper surfaces, with a dark

canthal streak which continues on the temporal region; throat white; abdomen and

lower surfaces of thighs bronzy. All parts which are hidden when the Frog is at rest

(i.e., axillae, flanks, groins, and "flash" portions of legs and feet) brilliant torquoise-

blue, shading to sapphire in the axillae and groins. Iris metallic copper. The striking

"flash" colours are, of course, only exhibited when the Frog is jumping or climbing,

and will no doubt fade after death. In repose the general bronze effect is entirely

inconspicuous.

* Hyla aurea also uses its 1st finger as an opposable thumb.
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Affinities. Allied to H. aurea, from which it differs in the following particulars:

H. aurea. H. blandsuttoni.

Canthus rostral is :

rounded. sharply marked.

Nostril

:

equidistant from eye and end of snout. about twice as far from eye as from end of

snout.

Fingers :

moderate in length, first equal to second. long, first longer than second.

Toes:

entirely webbed, one phalanx of fourth free. g webbed, two phalanges of fourth free.

Discs :

hardly developed, no wider than penultimate small, but wider than penultimate phalanges,
phalanges of digits. shaped as in H. arborea, not as in H.

rubella.

Habit

:

slenderer in build than H. aurea.

Habitat. Queensland. This must, however, be regarded as uncertain, because the

frog was purchased, and the person from whom it was bought touched at a good many
Australian ports, and as he did not leave an address it is not possible to verify the

type-locality.

Type. The type-specimen is an adult female, at present living in the Reptile House.

After death it will be presented to the British Museum (Natural History). A coloured

plate of it is given, since when it is dead the whole of the characteristic and very

beautiful "flash" colours will disappear.

Locality Records: 1 (M.C.Z.3525) Sydney, N.S.W. (T. Steel), 1914, vide Loveridge

(1935: 50); Queensland ? (bought), type locality, vide Procter (1924: 1128).

Discussion.—I do not think that I have seen a specimen of this frog, the status of

which is puzzling. Procter's six tabulated points of difference from H. aurea may be

dealt with separately. The canthus rostralis in H. a. aurea is rather variable ranging

from smoothly rounded to quite angular. No specimen examined had the nostril twice

as far from the eye as from the end of the snout but some approached this ratio. The
1st and 2nd fingers are constantly equal in length, but when the 2nd is rotated towards
the 1st it may appear shorter. Only one phalanx of the 4th toe may be described as free,

not two as for blandsuttoni. Finger discs of a. aurea are always considerably wider
than the penultimate phalanges, but are sometimes only slightly so in a. raniformis. In

habit a. aurea may range between stout adults and quite slim small and sub-adults.

Procter's description is accompanied by a plate which shows her frog in a "climbing
attitude". The animal is slim and the colours are sharply contrasted. She says of the

living frog "iridescent bronze on all exposed upper surfaces". Most living a. aurea have
the dorsal gold or bronze handsomely mottled with green but there are odd specimens
in which the green is suppressed. The type locality being given as Queensland, although
with uncertainty, adds another problem because aurea is not known from that State.

Loveridge identified a Sydney frog M.C.Z.3525, collected by T. Steel at Sydney, as
blandsuttoni. He says (1935: 50) "the canthus is not so strongly marked as in her
living type, however, but it possesses the dorso-lateral glandular fold which is charac-
teristic of aurea. It differs from our Sydney specimen of aurea in the rounded, some-
what transverse, groups of vomerine teeth; in its more slender toes and smaller, though
more distinct, disks; and in the absence of an outer metatarsal tubercle. Some faintly
vein-like dark mottling is present on the back". There is a tendency in a. aurea for the
vomerine elevations to be variable and a large proportion have them small and rounded.
The outer metatarsal tubercle is missing and as noted above much variation in the
size of the discs. There may be heavy dark mottling or even reticulation. More than
20 frogs from near Sydney, some 'collected by Steel, have been examined and are typical
H. a. aurea. Taken all in all it seems certain that blandsuttoni is a synonym of
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H. a. aurea, but it has been thought advisable to retain the species because of the remote

chance that the type locality may be correct and that blandsnttoni may be rediscovered in

Queensland.

Hyla moorei, sp. nov.

Synonymy and references: Hyla aurea: Gray in Grey (1841: 436); Boulenger, part

(1882: 410); Fletcher (1898: 681-2); Werner, part (1914: 422); Kinghorn (1924: 181;

1933: 127); Loveridge (1935: 49); Glauert (1945: 379). Hyla aurea ranijormis (non

Keferstein): Parker (1938: 302); Loveridge (1950: 134); Main (1954: 119); Moore

(1954: 65).

Description of R.5981 in the Western Australian Museum, an adult male, from

Pemberton, W.A.:

Habitus rather robust; length of head and body 75 mm.; head slightly pointed,

about as long as broad (27 x 26 mm.); snout short (13 mm.), 1-6 times diameter of

eye, about equal to distance between anterior corners of orbits, bluntly pointed vt'hen

seen from above, rounded in profile, slightly overhanging lower lip; canthus rostralis

short, low and rounded; lores concave, sloping at a low angle from the rounded upper

jaw; interorbital width equal to that of an upper eyelid (6 mm.), the top of the head

concave between prominent eye bulges; internasal space 5 mm.; diameter of the eye

rather more than its distance from nostril; tympanum very distinct, round, tilted

slightly upwards, contained in diameter of eye 1-3 times (6 to 8 mm.), distance from

eye 4 mm.; a well-defined supratympanic fold from eye bending downwards to just

behind forelimb.

Skin of head and body, except for upper jaw, shagreened and with two phases of

warts. The larger warts are numerous and very roughly arranged in longitudinal rows.

This is most noticeable in the two rows which begin in advance of the eyes and run

back on each side of the vertebral line to near the vent. The smaller warts, which
average about a quarter the size of the larger, are plentifully sprinkled between them.

Thigh and to lesser extent tibia warty above. Forelimbs and tarsus smooth. Sides more
or less uniformly warty. Chin and throat granulate except for margin of lower jaw.

Belly and thighs, including wide triangular area up to vent, coarsely granular. Otherwise

ventral surfaces of limbs smooth. A tarsal fold and a low indistinct, dotted ridge

behind forearm. A fold across breast and a low dorsolateral one. A very small anal flap.

Forelimb robust and of moderate length (49 mm.), 65% of length of head and body;

hand 23 mm.; finger discs rather small but distinct, rounded, half size of tympanum
(3 to 6 mm.) ; fingers in order of length, 1, 2, 4, 3; webs rudimentary being little more
than the union of the narrow fringes; subarticular tubercles distinct and rounded; palm
warty; thumb with a prominent tubercle and large warty pad.

Hindlimb strong and long; length (130 mm.) 173% of head and body; femur 34 mm.,

tibia 39 mm., foot 57 mm.; heel reaches nearly to snout; toe discs very much the same
shape and size of those of the fingers; toes in order of length, 1, 2, 3i=5, 4; extent of

webbing between toes, 60, 70, 80 and 78%; 1st, 2nd and 3rd toes webbed to discs on

postaxial and 5th on preaxial sides; remainder of toes distinctly fringed; subarticular

tubercles rather low and rounded, but distinct; sole with low granulation; inner meta-

tarsal tubercle large and elongated, no outer one.

Vomerine elevations paired, widely separated from each other but close to choanae

which are small, robust, slightly oblique, between choanae, but also a trifle before

and well behind because of the small size of the openings; tongue subcircular, free

and feebly indented behind, as wide as mouth; a rather small subgular vocal sac

with an opening into the mouth on each side of the tongue.

Dorsal surfaces uniformly olive or greenish-blue in alcohol, except for a middorsal

light line from between eyes to vent; ventral surfaces yellowish, nearly uniform but

for obscure dark reticulation which is only visible in certain lights; posterior surfaces

of thighs bluish as dorsum but with granular area up to vent lighter; tympana brown.

Specimens examined, and Locality Records: 24 (R. 2347-57, A.M.) Perth, W.A.

(H. Richards), 4.ix.l898; 2 (R.4953-4, A.M.) Coolgardie, W.A. (W.A. Mus.), 1910:

4 (R.5297-5300, A.M.) Albany, W.A. (A. Abjornssen), 2.vi.l911; 1 (R.7476, A.M.)
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Donnybiook, W.A. (J. J. Fletcher), l.ii.l922; 1 (R.7531, A.M.) Newcastle, W.A. (J. J.

Fletcher), l.ii.l922; 7 (R. 7576-7, R.7579-83, A.M.) Perth, W.A. (J. J. Fletcher), l.ii.l922;

1 (R.7696, A.M.) Tudor, W.A. (Troughton and Wright), 3.11.1922; 6 (R.7698, R.7703,

R.7743-5, R.7699, A.M.) Albany, W.A. (Troughton, Grant, Wright and Hull), 1921-2;

1 (R.10463, A.M.) S-W. Aust. (J. R. Kinghorn), 4.viii.l931; 1 (7132, A.M.) W.A. (W. J.

Stephens); 4 (7144, 7156-7, 7187, A.M.) King George Sound, W.A. (G. Masters);

1 (R.119, W.M.) Subiaco, W.A.; 2 (R.301-2, W.M.) Denmark, W.A.; 2 (R.529-30, W.M.)

East Perth, W.A.; 1 (R.627, W.M.) Perth, W.A.; 3 (R.1152-3, R.2749, W.M.) Tambellup.

W.A.; 1 (R.1178, W.M.) Midland Junction, W.A.; 4 (R.1210-3, W.M.) Lake Yanchep,

W.A.; 12 (R.2025-7, R.6268-76, W.M.) Rottnest, W.A.; 1 (R.3739, W.M.) Mt. Lawley,

W.A.; 1 (R.3800, W.M.) Elleker, W.A.; 1 (R.4585, W.M.) Karridale, W.A.; 1 (R.4664,

W.M.) Lake Clifton, W.A.; 4 (R.5980-1, R.8539-40, W.M.) Pemberton, W.A.; 1 (R.8404,

W.M.) Bridgetown, W.A.; 1 (R.8462, W.M.) Gin Gin, W.A.; 1 (R.9459, W.M.) no data;

5 (R.10953, A.M.) Perth, W.A. (M.C.Z.), 2.ix.l933; 1 (R. 11537, A.M.) Tambellup, W.A.
(F. R. Bradshaw), 6.111.1935; Balcatta Beach, Causeway, Claremont, near Perth, Munger
Lake, Swan View, Spectacle Swamp, Manjimup, Pemberton, Augusta, Rottnest Id.,

Wallcliffe, Merredin, all 13 localities in W.A., vide Loveridge (1935: 49).

All 95 A.M. and W.M. specimens have been examined.

Variation.—The vomerine elevations are very regular although a few may be a little

smaller or larger than usual. Most specimens resemble R.5981 in having rather large

warts arranged in irregular longitudinal rows. They generally begin between and a

little in advance of the eyes and are most pronounced on each side of the vertebral line.

Smaller warts are scattered among the larger. Only one specimen is quite smooth, but

18 are only slightly warty. Eight frogs are extremely warty. The back is bluish in

alcohol. The vertebral light stripe is often quite faint, but very clear in some specimens

particularly those from Perth and Albany. It is absent in only seven of 95 frogs.

R.2357, A.M., consisting of 14 metamorphosing juveniles with tails of varying length all

show the white median stripe clearly, Ventral sui'faces are nearly always yellowish

or dirty white. Five individuals have a not very pronounced darkening about the chin

and throat extending back to about the forelimbs. A Perth frog with a very distinct

vertebral line is dark brown ventrally with white spots anteriorly but no reticulation.

The groins and both anterior and posterior surfaces of the thighs are uniform drab

greyish or brownish blue without spots, except for about five individuals. One had a

few dark blotches behind the thigh, another black stippling, while three had obscure

light spots.

Discussion.—This species is unique among Australian Hylas in that it was estab-

lished on genetic instead of the usual morphological grounds. Moore (1954: 65)

separated the Western Australian frogs as a distinct species on the basis of genetic

isolation as proved by crossing an eastern Hyla aurea aurea female from Burradoo,

N.S.W., with western males from Pemberton, W.A. The embryos were abnormal and
failed to develop beyond about 13 days. Moore's paper should be consulted for details

and for the evolutionary implications which cannot be given here. He summarizes his

finding as "These results indicate that the New South Wales individuals belong to a
different species from those in West Australia, a conclusion that would never be reached
with the usual methods of taxonomy". Moore considered that the Western Australian
form should be called Hyla raniformis (Parker), but raniformis of Keferstein must be
retained for the southern subspecies of aurea as shown under the present discussion

of Hyla aurea raniformis. This leaves the western species without a name. I have
carefully considered the possibility of using Werner's elegans. He described Fanchonia
elegans (1893: 82) from a specimen found in a jar with African specimens and
accordingly described it as probably from tropical Africa. Later (1897: 266) he notes
"Fanclionia elecjans—Hyla aurea Less, (defectes und deformiertes Exemplar)". His
original description does not appear to tally with the western form. The name must be
regarded as unavailable. It was decided to name the species, for Professor John A.
Moore, Department of Zoology of Barnard College and Columbia University, New York,
whose stay as Fulbright Research Scholar at the University of Sydney did so much to
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stimulate interest in Australian frogs. The separation of raniformis from moorei also

establishes a clear cut genetic gap. Parker (1938: 302) and Moore both considered that

raniformis occurred on both sides of the gap separating the eastern and western popula-

tions. This was unsatisfactory because raniformis is clearly a race of aurea. There is

now shown to be two Western Australian species moorei and cyclorhynchus and one

eastern species aurea divided into a. aurea, a. raniformis, and a. ulongae. This form
has consistently been known as Hyla aurea until Parker's analysis when it was altered

to H. a. raniformis. Werner (1914: 422) had a mixed collection of about 40 cyclorhynciius

and moorei from 15 localities. He discussed the smoothness, wartiness, the light

vertebral stripe, colouring and other characters of his specimens. Werner does not

mention his elegans so his large series of Western Australian frogs did not suggest its

identity with them. Main (1954: 119) says of this species "The coastal and wetter

parts of the South-west in the same general situations as H. adelaidensis. Somewhere
east of Cheyne Beach and west of Jarramongup this species is replaced by H.

cyclorhynchus." He discusses its coloration and habitat. Parker (1938: 302) gives a

clear discussion of the whole aurea problem and classifies moorei under Hyla aurea

raniformis. Loveridge (1935: 49) records it from 13 localities in Western Australia.

He discusses relationship with cyclorhynciius and notes that females have the larger

discs. His largest specimen from Wallcliffe measured 86 mm. Later (1950: 135) he

distinguishes his Western Australian material as H. a. raniformis. Moorei may be

separated from raniformis by larger size, more or less shagreened skin, normally two

phases of warts, and in being more warty generally. Wartiness alone serves to

distinguish 80% of specimens; only one moorei in 95 was smooth. Rabb and Mosimann
(1956: 388) note that Moore's paper has been cited as a basis for general arguments,

and then discuss his conclusions and make certain criticisms. Moore (1956: 390) gives

a detailed reply. Both letters are of considerable interest to anyone concerned with

dynamic aspects of Australian herpetology.

Hyla cyclobhynchus Boulenger.

Synonymy and references: Litoria aurea, var. : Giinther (1870: 402). Hyla aurea

var. cyclorJiynchus: Boulenger (1882: 410); Kinghorn (1924: 181); Loveridge (1935:

49; 1950: 134). Hyla cyclorhynciius: Parker (1938: 302); Glauert (1945: 379); Main

(1954: 119). Hyla cyclorhyncha: Whitley (1947: 49).

Boulenger's original description (1882: 411) directly follows his description of Hyla

aurea and reads: Var. cyclorhynchus. Litoria aurea, var., Giinth. Proc. Zool. Soc. 1870,

p. 402, pi. 30.f.3. Snout shorter, more rounded. Groin and sides of thighs black, with

white spots; lower surfaces densely reticulated with black, these being, however,

immaculate in the young specimen. Perhaps a species. Five specimens, male, female

and young. W. Australia. G. Krefft, Esq. (P.).

Description of R.7176 in the Western Australian Museum, an adult female, from

Scaddan, W.A.:

Habitus moderately slender; total length of head and body 71 mm.; head almost

semicircular, as wide as long (24 mm.) ; snout markedly short (10 mm.), one and a third

times diameter of eye (7-5 mm.), smoothly rounded when seen from above, projecting in

profile, extending well beyond lower lip; canthus rostralis distinct although low; lores

distinctly concave, receding at a low angle from rounded upper jaw, Avhich is inturned

to form a broad ledge below; interorbital width equal to that of an upper eyelid (5 mm.),

flatfish part of head narrow between prominent eye bulges; internasal space 5 mm.;

diameter of the eye greater than its distance from nostril; tympanum very distinct, set

obliquely, contained in diameter of eye about 1-25 times (6 to 7-5 mm.), distance from

eye nearly 3 mm.; a low supratympanic fold.

Skin smooth above; finely pitted or roughened posteriorly and on the limbs; chin

and throat with low granules; smooth laterally; belly and underside of thighs with a

small triangular area up to vent coarsely granulate; otherwise undersides of limbs

smooth; a low fold across breast; a very small anal flap.
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Forelimb robust and moderately long (42 mm.), 60% of length of head and body;

hand 20 mm.; finger discs moderate, rounded, 0-4 times diameter of tympanum (2-5 to

6 mm.) ; fingers in order of length, 1, 2, 4, 3; fingers free of web and fringing except for

merest rudiment between thumb and 2nd finger; subarticular tubercles large, rounded

and prominent; palm rough; a large elongated tubercle at the base of the thumb and

another postaxial one the same size.

Hindlimb long and powerful, length (99 mm.) 140% of head and body; femur

26 mm., tibia 32 mm., foot 41 mm.; heel reaches to tympanum; toe discs distinct,

rounded, smaller than those of fingers, one third diameter of tympanum (2 mm.) ; toes

in order of length, 1, 2, 3=5, 4; extent of webbing between toes, 46, 64, 73 and 76%;
toes fringed to discs; subarticular tubercles prominent, rounded but rather flattened;

sole with low supernumerary tubercles in lines; an indistinct tarsal fold; inner

metatarsal tubercle large, distal end somewhat free; no outer tubercle but two low warts

In line with median toe.

Vomerine elevations paired, large, slightly oblique, well separated from each other

and from the choanae which are a little smaller, mainly between the choanae but

projecting a little before and behind, each elevation bears from three to five small

acicular teeth; tongue subcircular, free and slightly indented behind, nearly width of

mouth.

Dorsal surfaces greyish with a greenish tinge, heavily islanded with black, mainly

longitudinally elongated patches about twice as long as wide, but these are dften even

more elongated or on the other hand reduced to a round spot, two of the dark markings

are sometimes confluent; much black speckling on the side of head and on limbs; groin

and forepart of thigh black with large white or yellow spots; posterior surfaces of thighs

blackish with many smaller white spots, except for narrow yellowish triangular area up
to vent; all ventral surfaces yellowish heavily reticulated with black, except the chin

and throat which are black dotted; tympana brown.

Specimens examined and Locality Records: 3 (R. 815-7, W.M.) Monigup Pass,

Stirling Ranges, W.A. ; 7 (R.2140-6, W.M.) Jacketup, via Gnowangerup, W.A.;

6 (R.2538-43, W.M.) Railway Dam, Ongerup, W.A.; 35 (R.6609-12, 7146, 7148-61, 7163-7,

7169-79, W.M.) Scaddan, W.A.; 15 (R.7130-44, 7168, W.M.) almost certainly of Scaddan
series above; 5 (R.8671-5, W.M.) Esperance, W.A.; 1 (R.8778, W.M.) Como, W.A.;

1 (R.10050, W.M.) Mornington Mills, W.A.; 1 (R.10115, W.M.) Mondrain Island, W.A.;

3 (R.10536, 10538-9, W.M.) Phillips River, W.A., 14.V.1952; 1 (R.7736, A.M.) Mondrain
Id., Recherche Arch., W.A. (Troughton, Wright, Grant and Hull), Feb., 1922; 1 (R.7737,

A.M.) Lucky Bay, E. of Recherche Arch., W.A. (T., W., G., and H.), Feb., 1922;

3 (R.9888-9, R. 11537, A.M.) Tambellup, W.A. (F. R. Bradshaw), 1929-1935; 12 (7045-7,

7137, 7159-66, 7169-70, A.M.) W.A.; 4 (7146, 7183-4, 7186, A.M.) King George Sound, W.A.
(G. Masters); 5 (M.C.Z.18100-4) Merredin, W.A., vide Loveridge (1935: 49 and 1950:

135); Pine Hill and Hopetoun, both W.A., vide Main (1954: 119).

Variation.—The snout is always rounded with the distance between its tip and
the anterior corner of the eye less than that between the anterior corners of the eyes.

Specimens having large rather flat warts arranged in roughly longitudinal series,

which usually outline a narrow, smooth vertebral area, amount to about 30 % ; another
36% are about the same order of wartiness but the warts are more scattered; about
13% are extremely warty both on the back and part of the sides. Of 98 specimens
10 were almost smooth with only odd warts. Only nine were quite smooth. Vomerine
elevations were very stable being well separated, practically transverse and between
the choanae in all cases except six. In three the elevations were oblique, in two small,
while in R.8671 the left half was normal but the right was almost absent. Dorsal
surfaces are usually grey with dark irregular rounded islands. Two Scaddan and
the Lucky Bay frogs have the dark markings in two bands running back from the
eyes to half-way down the body and forming between them a light vertebral stripe.
The chin and throat are generally heavily, but sometimes more lightly, speckled or
stippled with black. Ventral surfaces, except in juveniles where they are uniform
white, are heavily reticulated with black on a yellow or yellowish ground. Two Scaddan
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frogs have almost uuiform brown bellies, but are reticulated from chin to just behind

the forelimbs. Practically every specimen has the groins and the anterior surfaces of

the thighs with large white or yellow spots in a reticulation of black, and the thighs

behind black witli smaller white spots except for a speckled area about the vent.

An odd individual has the posterior surfaces of the thighs almost uniform black with

a few very small white dots. On the other hand, as in the Jacketup frogs, there may
be only a very few large spots.

Discussion.—The interesting genetic history of the development of eyclorhynchus

with moorei from an early aurea stock can only be surmised. Giinther (1870: 402)

first realized that it was distinct. He summarized the colour position and noted that

the very young specimens had the "lower parts white, entirely immaculate". His

plate gives a very fine ventral view of a large individual. He says "a number of

examples, received from tropical parts of Australia, of the north as well as west,

belong to a very marked variety . . .", but Parker (1938: 302) who sorted out most

of the aurea question and separated cyclorhyncMis as a full species, said "there is no

record in the British Museum of such data. The specimens were received in 1869 and
1870 from Dr. KrefEt, and it is possible that they may have been part of the collection

made by Masters in 1866 in W. Australia, and probably come from the neighbourhood

of King George's Sound". Parker gives D. L. Serventy's colour notes of a frog in life.

Kinghorn (1924: 181) discusses the colour of specimens from Mondrain Island and
Lucky Bay. Whitley (1947: 49) says that H. cyclorhyncJia with a tortoise and other

freshwater animals of the Albany-Esperance region is "allied to Tasmanian forms".

Main (1954: 119) in his key says "this form extends along the southern coast, and has

been taken as far east as Pine Hill. As large as H. aurea and appears to differ from
this species mainly in the black and sulphur markings in groin and on thigh. Dorsally

has a pattern of green blotches, and lacks the mid-dorsal stripe usually found in aurea.

Habitat swamps and permanent waters. At Hopetoun it is commonly found in rain

water tanks". Loveridge (1950: 135) partly using the ratio of the length of the inner

metatarsal tubercle to its distance from the tip of the inner toe treated cyclorhyiicMis

as a race "instead of a full species as Parker has done and as its distribution may
yet require".

H-^-XA X Moore.

Original description.—This is to be found in a forthcoming publication by

J. A. Moore.

Description of No. A.C.32S7, an adult male, Hampton, near Jenolan Caves, N.S.W.,

7.iii.l947:

Habitus, a moderately robust species with long, strong limbs; total length of head

and body 47 mm.; head bluntly rounded, as broad as long (17 mm.); snout short

(7 mm.), 1-17 times diameter of eye (6 mm.), evenly and bluntly rounded when seen

from above, slightly rounded but almost vertical in profile, extending very little beyond

lower lip; canthus rostralis very short and angular; lores almost flat except for a

concave pocket under canthus rostralis, receding upwards obliquely; interorbital width

slightly greater than that of an upper eyelid (5 to 4-5 mm.), narrow top of head

flattish between the large, prominent eye bulges; internasal space 4-75 mm.; diameter

of the eye about 1-4 times its distance from nostril; tympanum rather small, distinct

except for granular posterior border, nearly vertical, contained twice in diameter of

eye (3 to 6 mm.), distance from eye 2 mm.; supratympanic fold from eye to above

shoulder distinct but low.

Skin quite smooth above; chin and throat finely granular, belly and most of

ventral and about half of posterior surfaces of thighs coarsely granular; remainder

of limbs smooth; no pectoral fold; anal flap very small.

Forelimb robust and fairly long (36 mm.) ; 77% of length of head and body;

hand 15 mm.; finger discs well developed, slightly wider than long, nearly size of

tympanum in which they are contained 1-2 times (2-5 to 3 mm.) ; fingers in order of

length, 1, 2, 4, 3, the 4th shorter than 3rd by length of disc; webbing almost absent

except between 2nd and 3rd fingers, extent of webbing, 8, 15 and 11%; subarticular
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tubercles prominent, large and rounded; palm with supernumerary tubercles and a

large divided tubercle on the outer side; thumb with a large pad and a large black

patch on the preaxial side.

Hindlimb strongly built and fairly long, length (82 mm.) 175% of head and body;

femur 25 mm., tibia 24 mm., foot 33 mm.; heel reaches well in advance of snout; toe

discs well developed, roundish, smaller than those of fingers, more than half diameter

of tympanum (2 to 3 mm.); toes in order of length, 1, 2, 3 = 5, 4; extent of webbing
between toes, 48, 53, 70 and 63%; web rather divided so that there are fringes on the

inner side of the 5th and the opposing sides of the 2nd and 3rd, fringes on other toes

very narrow; subarticular tubercles prominent, rounded; sole smooth; inner metatarsal

tubercle large and in form of a prehallux, outer tubercle smaller but quite distinct,

rounded, in rather central position in line with 4th toe.

Vomerine elevations large, paired, transverse, widely separated, abutting on choanae

which are small, situated on a line joining the anterior corners of the choanae; tongue

heart-shaped, free and feebly indented behind, large, slightly narrower than mouth at

angle of jaws; no external vocal sac.

Colour above creamy-brown, flecked with points, patches and larger areas of dark

brown to nearly half the whole dorsal surface; the largest dark patches are quite

irregular but connect the eyelids and extend half-way down the back on each side

of the midline; the front of the snout is dark brown; a narrow line of the same colour

from nostril to eye, becoming very wide behind eye to include tympanum and supra-

tympanic ridge, dies out above shoulder; obscure dark banding on hindlimbs; posterior

surfaces of thighs light brown with a dark brown and light grey mottled patch below

vent; yellowish-white below.

Specimens examined and Locality Records: 11 (R.3125-35, A.M.) Fish River, Tarana,

N.S.W. (J. A. Thorpe), Nov., 1900; 2 (R.3198-9, A.M.) Tarana, N.S.W. (Wm. Hawken),

June, 1901; 5 (R.4215-9, A.M.) The Valley, Katoomba, Blue Mts., N.S.W. (Dene Fry),

Oct., 1908; 8 (R.5189-96, A.M.) Megalong Valley, Katoomba, Blue Mts., N.S.W. (D. B.

Fry and H. L. Coleman), Feb., 1911; 1 (R.5261, A.M.) Baulkham Hills, near Sydney,

N.S.W.; 15 (R.5929-43, A.M.) Penrose Farm, Macquarie River, 8 m. from Bathurst,

N.S.W. (J. R. Kinghorn) ; 1 (R.6269, A.M.) Penrose Farm, near Bathurst (J. R.

Kinghorn), Sept., 1913; 21 (R.6701-15, A.M.) Penrose Farm (J. R. Kinghorn), Sept.,

1914; 8 (R.7457-62, A.M.) Kanimbla Valley, Blue Mts., N.S.W. (J. J. Fletcher), Feb.,

1922; 5 (R.9224-5, R.9230, R.9233, R.9236, A.M.) Williams River, N.S.W. (Musgrave and
Campbell), Jan., 1927; 1 (R.10963, A.M.) Salisbury, N.S.W., 1000 ft. (M.C.Z.), 1933;

8 (R.13378-81, A.M.) Cox's River, Bowenfels, N.S.W. (Kinghorn and MacKay), Feb.,

1948; 1 (A.C.3287) Hampton, near Jenolan Caves, N.S.W., 7.iii.l947.

All 87 specimens listed have been examined.

Variation.—The head is normally slightly broader than long, and the snout well

rounded in profile. Eye bulges are usually very prominent so that the upper eyelid

encroaches on the interorbital space and is wider than it. The diameter of the eye is

always greater than its distance from the nostril, often very markedly so. The tympanum
is normally contained 2-5 times in the diameter of the eye. It is unusual for it to be

contained as little as twice, as in A.C.3287, and occasionally it is only a third the

diameter of the eye. The skin is smooth above, but there are a few scattered warts
over the dorsum in most cases. These may become quite prominent on the head,

between the eyes and for a little distance behind. R.4216 is decidedly warty all over.

A low pectoral fold is nearly always present, or there' may be merely a groove running
between the forelimbs. Finger discs are distinct but not large; they usually measure
about 75% the diameter of the tympanum but range from 67 to 100%. Webbing
between the fingers is very slight, and in most cases the fingers can fairly be described
as free. Toe discs are a little smaller than those of the fingers, but are quite distinct.

The heel reaches to well in advance of the tip of the snout in nearly every case,

but in odd specimens it only reaches as far as the tip. Webbing between the toes is

very constant, agreeing with the standard description. The inner metatarsal tubercle
is always elongated, distinct and -rather large. The outer one is invariably present,

but small, rounded and in line with the 4th toe. Subarticular tubercles of both hand
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and foot are prominent. Vomerine elevations are practically completely between

the choanae, except that the choanae are usually small and they then project behind.

The elevations are normally well separated, but they may be close together and
rather small, as in a large proportion of the Penrose Farm frogs. In R.4215, R.5930,

R.5936, R.7460 and one of R.9225 they are contiguous; in R.6704, both R.6712, and one

of R.13381 they are very small and rounded. Males have a dark nuptial shield, and
the thumb is much swollen and at right angles. The largest specimen seen, R.6701,

measured 51 mm. from snout to vent. Coloration is fairly constant, although the

ground colour of the dorsum may be of various shades of cream, grey and brown, with

the markings dark brown, dark grey or even blackish. An odd specimen has a uniform
light dorsum flecked with small dots. The Penrose Farm series includes a few almost

uniform light brown individuals, but the majority are most beautifully marmorated,

reticulated and dotted on light creamy brown. The dark band between the upper eyelids

is present in about half the specimens. Posterior surfaces of the thighs are most often

light brown with obscure white patches or spots. The species does not have the

black plate with insuliform light markings of lesueurii or the more or less bold black

patterns on yellow of peronii. The posterior surfaces may be of an almost uniform light

colour, or occasionally the more ventral half may be whitish or light brown and the

more dorsal half darker.

Discussion.—The Australian Museum specimens are in two jars marked' "an

apparently undescribed Hyla. Ranges from Blue Mts. to Armidale at least. Will be

described later ... J. Moore". This highland species has been included here for the

sake of completeness, but not named.

Hyla lesueurii Dumeril and Bibron.

Synonymy: Hyla lesueurii: Dumeril and Bibron (1841: 595); Steindachner (1867:

60); Keferstein (18686: 278); Boulenger (1882: 412); Fletcher (1889: 360, 371, 373,

385; 1890: 669-672; 1892: 8, 9, 12; 1894: 526, 528-531); Lucas (1892: 61; 1896: 47);

Fry (1912: 100, 106); Andersson (1916: 15); Nieden (1923: 235); Procter (1923: 1071);

Loveridge (1935: 51); Mitchell (1955: 404). Hyla oculata: J. E. Gray, Peron MS. in

J. Grey (1841: 436). Pelodytes affinis: Gray (1842: 56). Euscelis Lesueurii: Fitzinger

(1843: 31). Litoria freycineti (non Tschudi) : Giinther (1858: 97) vide Boulenger

(1882: 413). Euscelis Lessonii: Fitzinger (1860: 413). Litoria wilcoxii: Giinther

(1864: 48; 1867: 55). Hyla nigrofrenata: Gunther (1867: 56); Boulenger (1882: 413);

Andersson (1916: 15). Litoria Copei: Steindachner (1867: 56). Hyla {Litoria)

Wilcoxii: Keferstein (1868&: 278). Hyla {Litoria) Copei: Keferstein (1868&: 278).

Litoria Lesueurii: Peters (1875: 611). Hyla affinis: Boulenger (1882: 413); Fletcher

(1898: 682, 684). Hyla vinosa: Lamb (1911: 27). Hyla lesueurii, var. vinosa: Fry

(1915: 84). Hyla tornieri: Nieden (1923: 228).

Dumeril and Bibron's original description (1841: 595) reads: La Rainette de

Lesueur. Hyla Lesueuri. Nobis. Caracteres. Tete courte, plate, elargie en arriere, a

cotes anterieurs formant un angle obtus, arrondi au sommet; regions frenales penchees

en dedans; un leger sillon longitudinal au-dessous du canthus rostralis; celui-ci distinct,

sub-aigu. Yeux assez grands et mediocrement saillants. Tympan petit, circulaire.

Langue sub-circulaire, tres-faiblement echancree en arriere, libre dans le tiers posterieur

de sa longeur. Trompes d'Eustachi plus petites que les arriere-narines; entre celles-ci,

deux rangs de dents vomeriennes tres-courtes, un peu obliques ou affectant la forme

d'un chevron ouvert au sommet. Palais non creuse d'un sillon de chaque cote du

sphenoide. Pas de membrane inter-digitale; palmure des pieds s'etendant presque

jusqu' a I'extremite des orteils. Un renflement glanduleux au coin de la bouche; un

autre, descendant du bord de I'orbite sur I'epaule, en s'elargissant; parties superieures

lisses; pas de vessie vocale. Synonymie. Hyla oculata. Per. Les. M.S.S. Description.

Formes. La tete est au moins aussi large que longue et tres-deprimee; sa face superieure

est plane et legerement inclinee en avant. Les cotes de la machoire superieure sont

tres-faiblement arques, ils se rapprochent I'un de I'autre en formant un angle peu obtus

ou presque aigu, arrondi au sommet. Les tempes sont perpendiculaires, et les regions

frenales un peu penchees en dedans; on remarque un leger creux longitudinal a leur
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bord superieur ou sous le canthus rostralis, qui est aigu et qui s'etend jusqu' au bout du

museau en passant au-dessus de la narine. Le museau est convexe. Le contour de la

bouche est en demi-cercle un peu force. Les yeux saillent au-dessus du crane; le

diametre de leur ouverture est egal aux trois quarts de la largeur de I'espace inter-

orbitaire; celui du tympan, qui est presque ovalaire, n'a guere que la moitie de cette

etendue. La langue a la forme d'une ellipse extremement courte; elle est adherente

dans les deux tiers anterieurs de sa longueur, et sa marge posterieure est plutot

legerement inflechie en dedans que reellement echancree. C'est positivement entre les

arriere-narines que se trouvent situees les dents vomeriennes, qui forment deux rangs

obliques tres-courts; si ces rangs etaient contigus, ils donneraient la figure d'un chevron

ou d'un angle obtus, ayant son sommet dirige en arriere. Les narines internes sont

peu ouvertes, et les trompes d'Eustachi encore moins; les unes et les autres sont

ovalaires. Couchees le long des flancs, les pattes posterieures atteignent au bout du

museau par I'extremite de la jambe; places de la meme maniere, les membres thoraciques

s'etendent un peu au dela du coccyx. Les doigts sont completement llbres, mais les

orteils offrent une palmure qui ne laisse libres que les deux dernleres phalanges du

quatrieme et la derniere seulement des quatre autres. Aux mains et aux pieds, les

epatements du bout des doigts sont circulaires, et d'un diametre deux fois plus petit

que celui de la membrane tympanale. Les renflements sous-articulaires sont mediocrement

developpes; on ne voit de vermes granuliformes, ni aux faces plantaires, ni aux faces

sous-palmaires. Tout le dessus du corps est lisse, le dessous est tres-finement granuleux

aux regions femorales et aux abdominales. La peau de la poitrlne fait un pli transversal;

il existe un cordon glanduleaux qui va toujours en s'elargissant depuis I'oeil jusque sur

I'epaule; puis on voit une protuberance de meme nature derriere le tympan et Tangle

de la bouche. Le bord externe du tarse porte un rudiment de membrane flottante. On
doit croire que cette espece ne possede pas de vessie vocale; car, malgre tout le soin que

nous avons mis a examiner I'interieur de la bouche de deux individus qui sont

evidemment du sexe masculin, nous n'avons pu y decouvrir d'orifices commiquant avec

la gorge. C'est jusqu'ici le seul exemple que nous ayons a citer a cet egard parmi les

Rainettes.

Coloration. L'un des deux sujets dont nous venons de parler a les parties

superieures d'un brun ardoise. Le canthus rostralis est marque d'une ligne noire, une
bande de la meme couleur s'etend de Tangle posterieur de Toeil a T^paule. Le dos est

irregulierement tachete de brun tres-fonce. Le derriere des cuisses est ponctue de

blanc sur un fond d'un noir bletiatre; ces deux couleurs forment des marbrures sur les

machoires. Toutes les regions Inferieures sont d'un blanc jaunatre. Chez notre second

individu, le dos, bien certainement decolore, est blanchatre, et toutes les parties qui,

dans le premier, offrent une couleur noiratre, sont d'un brun marron. Dimensions.

Tete. Long. 1" 6'". Tronc. Long. 2" 5'". Memb. anter. Long. 2" 3'". Memb. poster.

Long. 7" 1'". Patrie. Les deux seuls echantillons par lesquels cette espece nous'soit

connue proviennent du port Jackson; Tun a ete rapporte par Peron et Lesueur, Tautre

par MM. Quoy et Gaimard.

Description of No. A.C.3962, an adult female, Tooloom Falls, near Urbenville,

northern N.S.W., 9.1.1948:

Habitus large and strong but gracefully built with long, powerful hindlimbs, width
of body (33 mm.) 46% of total length of head and body (72 mm.); head subtriangular
with rounded outlines, very little broader than long (26-5 x 24-5 mm.) ; snout moderately
long and pointed (12 mm.), 1-7 times diameter of eye (7 mm.), rounded when viewed
from above, rounded in profile and projecting about 2 mm. beyond lower lip; canthus
rostralis slightly curved, distinctly angular; lores concave; interorbital width equal
to that of an upper eyelid (6 mm.), top of head concave with prominent eye bulges;

Jnternasal space 5-75 mm.; diameter of ^ye slightly more than its distance from nostril

(6 mm.); tympanum very distinct, decided tilt upwards, contained in diameter of

eye 1-4 times (5 to 7 mm.); a' well-defined supratympanic fold from eye to above
shoulder.
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Skin smooth above; chin and throat smooth; abdomen, ventral and about proximal
third of posterior surfaces of thighs uniformly and rather coarsely granulate; under-

sides of limbs except thighs smooth; a fold across breast; a very small, wrinkled
anal flap.

Forelimb strong and moderately long (46 mm.), 64% of length of head and body;

hand 20 mm.; finger discs not very large but quite distinct, rounded, considerably

smaller than tympanum, little more than half its diameter (2-75 to 5 mm.) ; fingers in

order of length, ln;2, 4, 3; no trace of web between fingers; subarticular tubercles large

and distinct, rounded except single one of 1st which is much wider than long; palm
with a few small and two large flattened tubercles; thumb greatly widened proximally

to subarticular tubercle.

Hindlimb strong and long (138 mm.), length nearly twice that of head and body

(192%); femur 41 mm., tibia 44 mm., foot 53 mm.; tibiotarsal articulation reaches

well in advance of snout; toe discs small but distinct, less than half diameter of

tympanum (2-25 to 5 mm.) ; toes in order of length, 1, 2, 3=5, 4; extent of webbing

between toes, 53, 85, 72 and 73%; all toes fringed to discs; subarticular tubercles

prominent, rounded; sole divided, otherwise quite smooth; inner metatarsal tubercles

large and oval, outer one small, rounded, flattened, about quarter size of inner.

Vomerine elevations strongly developed, paired but closely opposed, transverse,

between anterior margins of choanae, no part behind choanae, which are large, elliptic

and transverse; tongue subcircular, free and shallowly nicked behind, almost width

of mouth.

Dorsal colour light brown with extensive rather obscure dark brown mottling and

many black pinpoints; a black line starting half-way between nostril and eye, becomes

wide and prominent behind the eye, runs over the tympanum and curves down to end

abruptly a little behind the shoulder, it is edged above along its whole length by a

narrow whitish line which starts on the snout and runs through the upper eyelid;

ventral surfaces clear pale yellow; groin and posterior part of sides boldly marbled

with black on light yellow; black markings on lips; posterior surfaces of thighs mainly

black irregularly stippled with white circles, figures of eight and script-like markings.

Specimens examined and Locality Records: 1 (R.55, A.M.), Wellington, N.S.W.

(H. Barnes), no date; 1 (R.225, A.M.) 25 m. inland from Cairns, Q. (Cairn and Grant),

Jan., 1888; 1 (R.2284, A.M.) Bloomfield River, Cooktown, Q. (G. Hislop), Dec, 1897;

2 (R.4350-1, A.M.) Woodford, Blue Mts., N.S.W. (Dene Pry), 9.ii.l909; 1 (R.4366, A.M.)

Bundanoon, N.S.W. (E. C. Ross), 9.ii.l909; 1 (R.4480, A.M.) Lindfield, Sydney, N.S.W.

(D. B. Fry), no date; 2 (R.4527-8, A.M.) Somerset, Cape York, Q.; 1 (R.4637, A.M.)

'Horton R., near Bingara, N.S.W. (A. R. McCulloch), Jan., 1910; 1 (R.4818, A.M.)

Mt. Cook, Cooktown, Q. (A. R. McCulloch), no date; 1 (R.5001, A.M.) Herberton, Q.

(A. J. Vogan), Dec, 1910; 1 (R.5009, A.M.) Cape York, Q. (C. Hedley), Dec, 1910;

1 (R.5325, A.M.) Eidsvold, Q. (Bancroft, Cleland and Johnstone), July, 1911; 1 (R.5373,

A.M.) Thirroul, N.S.W. (D. B. Fry), 27.ix.1911; 1 (R.5604, A.M.) Brisbane, Q.

(ex. Q. Mus.), Apr., 1912; 1 (R.5868, A.M.) Brisbane, Q. (McCulloch and Troughton).

Sept., 1912; 14 (R.6049-52, R. 6054, R.6056-8, A.M.) Norton's Basin, Nepean River,

N.S.W. (D. B. Fry), Jan., 1913; 2 (R.6180-1, A.M.) Eidsvold, Burnett R., Q. (T. L.

Bancroft), no date; 3 (R.7381-3, A.M.) Burrawang, 20 m. inland from Illawarra, N.S.W.,

2000 ft. (J. J. Fletcher), Nov., 1921; 2 (R.7410, A.M.) Pimparna, Q. (J. J. Fletcher),

Nov., 1921; 9 (R.7419, R.7423-6, A.M.) Waroo, 60 m. W. of Stanthorpe, Q. (J. J. Fletcher),

8.xi.l921; 3 (R.7498-7500, A.M.) Dunoon, Richmond R., N.S.W. (J. J. Fletcher),

Feb., 1922; 1 (R.7591, A.M.) Upper Endeavour River, Q. (J. J. Fletcher), Feb., 1922;

1 (R.7958, A.M.) Moa Id., Torres Strait, Q. (W. H. McClennan), Oct., 1922; 3 (R.7968,

R. 7970-1, A.M.) Upper Colo, N.S.W. (Kinghorn, Fletcher and Wright), Oct., 1922;

1 (R.9216, A.M.) Williams River, N.S.W. (Musgrave and Campbell), Jan., 1927;

6 (R.9729-30, R.9734, R.10195, A.M.) Groote Eylandt, N.T. (H. E. Warren), 1929-30;

1 (R.9948, A.M.) Brooklana, East Dorrigo, N.S.W. (W. H. Heron), 24.vi.1929; 1 (R.10094,

A.M.) Atherton, Q. (G. Curry), ll.iii.l930; 1 (R.10299, A.M.) Hartley, Blue Mts., N.S.W.

(H. W. Stein), Dec, 1930; 3 (R.11155-7, A.M.) Tyalgum, Tweed R., N.S.W. (J. Marshall),
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Apr., 1934; 1 (R.12275, A.M.) Brogo River, N.S.W. (Consett Davis), 8.vi.l938;

24 (R.12657-73, A.M.) Lowana, Dorrigo, N.S.W. (Mel Ward), Jan., 1943; 1 (R.13111, A.M.)

Tenterfield, N.S.W. (R. J. Pullen), ll.xii.l946; 10 (R.14496-14501, R.14515-8, A.M.)

Colo Vale, N.S.W. (H. Cogger), 16-30.xii.1954; 6 (A.4914, A.4916, A.4918, A.4921, A.4925-6,

A.M.) Yam Creek, 100 m. inland from Port Darwin, N.T. (Alex. Morton); 1 (7326, A.M.)

Wagga Wagga, N.S.W., no date; 6 (A.M.) no data; 2 (J.1319-20, Q.M.) Brisbane, Q.;

2 (J.2552-3, Q.M.) Gyranda, Q.; 2 (J.9522-3, Q.M.) Cape York, Q.; 1 (A.C.102) Colo,

N.S.W., 18.ix.l938; 1 (A.C.190) Yarramalong, N.S.W., 23.X.1938; 6 (A.C.268-9, A.C.287-90)

Kilbride, N.S.W., 16-23.1.1939; 2 (A.C.332, A.C.334) Myall Lakes, N.S.W. (Sydney

U. Party), 20-29.viii.1934; 2 (A.C.380, A.C.485) Campbelltown, N.S.W., 1939; 1 (A.C.3708)

11 m. S.W. of Nymboida, N.S.W., 30.xii.l947; 14 (A.C.3741, 3818-22, 3824-6, 3839-42, 3844)

Norton's Creek, 5 m. from Nymboida, N.S.W., 31.xii.l947; 1 (A.C.3848) 7 m. W. of Grafton

on Armidale Road, N.S.W., 6.1.1948; 44 (A.C.3898, 3900-6, 3908-24, 3926-39, 3962-6) Tooloom

Falls, near Urbenville, N.S.W., 8-9.1.1948; 1 (A.C.3971) Thane Creek, W. of Warwick, Q.,

10. i.1948; 4 (A.C.4544-7) Kilbride, N.S.W., 17.1.1950; 1 (A.C.5097) Bluff Rock, near

Tenterfield, N.S.W., 26.xii.1954; 6 (A.C.5145-50) Reid's Creek, 5 m. W. of Gayndah, Q.,

I.i.l955; 3 (A.C.5174, 5177, 5179) Bil Bil Creek, 10 m. N.W. of Mundubbera, Q., 3.i.l955;

1 (A.C.5195) Fiery Creek, 21 m. W. of Eidsvold, Q., 4.i.l955; 1 (A.C.5294) Wowan, Q.,

lO.i.1955; 4 (A.C.5316-7, 5319-20) Takilberan Creek, 23 m. N. of Gin Gin, Q., 13.1.1955;

3 (A.C.5481, 5485-6) Galston Gorge, N.S.W. (J. and C. Copland), 3-17.iv.l955; 2 (A.C.5776,

5780) Bombala, N.S.W., 26.xii.1955; 1 (A.C.5970) Chandler's Creek, 22 m. N. of Cann

River township, V., 27.xii.1955; 4 (A.C.5981-4) Horsham, V., 3.1.1956; 1 (A.C.6155)

28 m. from Armidale on Bundarra Road, N.S.W. (R. Pengilley), 1956; 1 (A.C.6157)

Warrawee, N.S.W., 24.xii.1956; 1 (R.3648, S.M.) Woodridge, Q. (W. Hosmer), 26.ix.1954;

1 (D.7705, N.M.) Gelantipy, V.; 2 (M.C.Z.1929) Sydney, N.S.W. (Gottingen Mus.), 1885;

2 (M.C.Z.3598-9) Norton's Basin, N.S.W. (Australian Mus.), 1914; 1 (M.C.Z.3606)

Brisbane, Q. (Australian Mus.), 1914; 4 (M.C.Z.18126) Salisbury, N.S.W. (P. J.

Darlington), 1932; 5 (M.C.Z.18127-31) Millaa Millaa, Q. (P. J. Darlington), 1932;

6 (M.C.Z.18132, 18496-500) Lake Barrine, Q. (P. J. Darlington and W. E. Schevill), 1932;

1 (M.C.Z.18490) Wengen Creek, Bunya Mts., Q. (W. E. Schevill), 1932; 1 (M.C.Z.18491)

Mundubbera, Q. (W. E. Schevill), 1932; 1 (M.C.Z.19250) National Park, Q. (F. N.

Blanchard), 1928; Port Jackson, Sydney, N.S.W., two types of lesueurii, vide Dumeril

and Bibron (1841: 595); Port Essington, N.T., type of afflnis, vide Gray (1842: 56);

Cape York, Q., type of nigrofrenata, vide Giinther (1867: 56) ; Ithaca Creek, Brisbane, Q.,

type of vinosa, vide Lamb (1911: 27); M'Allister and Wellington Rivers, V., vide Lucas

(1892: 61); Comboyne Plateau, vide Chisholm (1926: 296); Bulli, Springwood, Mudgee,

Dunoon, Illawarra, Burrawang, Clifton, Guntawang, Cullenbone, all in N.S.W.; Pimpana*,

Waroo, both in Q., see Fletcher; Atherton, Malanda, Cape York, Q., vide Andersson

(1916: 15); Oenpelli, N.T., vide Mitchell (1955: 404).

All 230 A.M., Q.M., S.M., N.M., and A.C. specimens, except R.7410, have been

examined.

Variation.—Only 26 of the 229 specimens examined had the snout equal in length

to the distance between the anterior corners of the eyes; in all the rest the snout was
shorter. The eye bulges of lesueur-ii are nearly always prominent, unlike latopalmata,

where they are usually flattened. A few specimens have the upper eyelids slightly

warty with odd warts scattered about the dorsum, but never to the extent shown in

latopalmata, except for R.7958, which is unusual in that the back is plentifully sprinkled

with small warts. Generally the dorsum is quite smooth. The diameter of the eye

may equal, not exceed, its distance from the nostril. In the Queensland Museum frogs

the heel reaches to well in front of the snout in the Brisbane and Cape York specimens,

very slightly so in the Gyranda ones. The , outer metatarsal tubercle is practically

always distinguishable, although it may be very small. The vomerine elevations are

normally strongly developed, narrowly- separated, transverse and between the anterior

margins of the choanae, as in A.C.3962; in a good few cases the elevations are rather

smaller and more widely separated; in 12 cases they are low and oblique; and in 21

small and rounded. Two of the Tooloom Falls specimens and one from Morton's Creek
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are interesting in having the pair united into a single transverse elevation. The
tongue may be elliptical and considerably narrower than the mouth. There is much
variation in general coloration. The dorsum may range from uniform light grey to

dark reddish-brown, or blackish markings may be extensive. Almost white specimens

are not uncommon. Keferstein (1868a: 355) probably described one of these light

frogs as his Freycinetii var. unicolor. A.C.332 from Myall Lakes is unusual in having

large black patches, which at times are confluent, on the back and sides. A few others

as R.12667 are very heavily blotched with black dorsally. Sides and groins are some-

times as in the Lowana frogs and A.C.3930 from Tooloom Falls very boldly marked
with black. A few other specimens may have many tiny black dots. Of 229 specimens

189 had the typical pattern of a black plate, islanded with white or yellow ocelli, figures

of eight, dumbbell and other shapes, covering most of the posterior surface of the thigh.

This characteristic is often very plain in even small individuals, but is most beautifully

shown in the large females. The white ocelli and other figures often surround a black

spot. Another 32 specimens had light islands in black, but the black plate was broken up

to some extent or occasionally restricted to about a third of the posterior surface of

the thigh. Only eight frogs had faint, doubtful white and black markings.

Discussion.—The type description is very full and accurate, and gives what is

practically characteristic of the species—the colour pattern on the posterior surfaces

of the thighs. Dumeril and Bibron say that the vomerine elevations were separate,

very short and a little oblique. This falls well within the range of variation. They
stress the smoothness of the dorsal surfaces. One of their specimens had dark markings

on the back and the second was whitish. Nieden (1923: 235) gives an almost literal

translation of Boulenger's description (1882: 412). Boulenger includes the types of

Giinther's Litoria wilcoxii from the Clarence River in lesueurii. Giinther's description

of his nigrofrenata falls well within the range of variation of lesueurii and was placed

in the synonymy by Loveridge (1935: 51). There is no doubt that Lamb's vinosa

(1911: 27) from Ithaca Creek, Brisbane, is a synonym of lesueurii. The description

tallies in all points, even to such details as the white spots behind the thighs with a

blackish centre, with specimens examined by me. Lamb thought that his species differed

from nigrofrenata, a synonym of lesueurii, int. al. in the contiguous vomerine elevations,

but this occurs in several specimens as discussed under the heading of variation. Fry

(1915: 84) redescribed and figured the type specimen. He regarded vinosa as a "good

geographical race" of lesueurii in the belief that northern Queensland specimens were

larger and had relatively much larger discs than the typical form. It may be mentioned

here that the type of vinosa measured 52 mm. while A.C.3962 was 72 mm. Loveridge

has dealt quite fully with these points. I follow Loveridge in placing Pelodryas affinis

Gray (1842: 56) from Port Essington in the synonymy of lesueurii, but Gray's descrip-

tion of affinis, although short, appears to differ from that of typical lesueurii in several

details including "a large squarish spot enclosing the tympanum purplish, lips white,

and palatine teeth in two roundish groups". A large collection from the Northern

Territory might show affinis to be a subspecies, but Boulenger (1882: 413) redescribed

and figured affinis from the Port Essington type and included a specimen from

Rockhampton. The redescription falls within the range of lesueurii as understood here.

Mitchell (1955: 404) says that a specimen from Oenpelli, N.T., agreed well with both

Giinther's type description and Boulenger's redescription and figure of the type of

nigrofrenata. Fletcher (see synonymy) has about 18 references to this species mainly

dealing with distribution and habits. There seems little doubt that Litoria Copei

Steindachner (1867: 56) should be referred to the synonymy. Dr. A. Keast and Miss

Gabrielle Smith showed me an interesting series of about a dozen specimens collected

on 25th November, 1956, in National Park near Sydney. Colour of the backs varied from

light parchment through various shades of grey and light and dark browns. Limbs and

sides of two were greenish. Most were uniform dorsally, but about a third had large

insuliform dark spots. The hinder sides of the thighs were black surrounded by shining

light blue and with the blue as spots.
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Hyla latopalmata latopalmata (Giinther).

Synonymy and re-ferences: Litoria punctata: Dumeril (1853: 149); Giinther (1858:

145); Loveridge (1935: 53). Litoria latopalmata: Giinther (1867: 55). Hyla {Litoria)

punctata: Kefferstein (1868&: 277). Hyla dimolops: Cope (1869: 163); Fletcher (1889

386; 1890: 668, 671, 675; 1892: 11; 1894: 526, 530). Hyla latopalmata: Boulenger (1882

414); Fletcher (1889: 360, 371, 385; 1890: 671, 673; 1892, 9, 13; 1894: 525, 530; 1898

681, part); Fry (1913: 20); Nleden (1923: 227); Waite (1929: 262) Loveridge

(1935: 52; 1950: 132).

Gtinther's original description (1867: 55) reads: Litoria latopalmata, sp. n. Snout

of moderate length, somewhat pointed in front, the distance between the front angles

of the orbit being equal to that between the eye and the extremity of the snout. Canthus

rostralis rather obtuse; nostril much nearer to the end of the snout than to the eye.

Tympanum very distinct, not much smaller than the eye. Back with a few indistinct,

short, glandular folds or tubercles. Vomerine teeth in two oblique short series between

the choanae. Tongue with scarcely a trace of a notch behind. Openings of the

Eustachian tubes at least as wide as the choanae. Limbs rather slender, the third

finger much longer than the fourth. The length of the body is less than the distance

between vent and heel. Tarsus with a lateral fold of the skin. Metatarsus with two

small tubercles, the inner being minute. Toes broadly webbed, the web extending to

the disks of the third and fifth toes. The length of the fourth toe is one-half that of

the body. Disks small.

Upper parts reddish-olive, with numerous small irregular brown spots. An irregular

brown cross band between the eyes. A brown streak along the canthus rostralis;

tympanum in front and behind with a narrow deep-brown margin. Hinder surface of

thighs marbled with brown, as the upperside. Length of the body 18 lines, width of

cleft of the mouth 5i lines, length of forelimb 12 lines, length of third finger 3 lines,

length of hindlimb 33 lines, length of entire foot 14 lines, length of fourth toe 9 lines.

Two specimens from Port Denison (Krefft, 11).

Description of No. A.C.5267, a male, probably adult, 1 m. N. of Baralaba, Q., 7. i.1955.

Habitus very slender, total length of head and body 40 mm.; head pointed, sub-

triangular, somewhat longer than broad (15 x 12-5 mm.); snout long (7 mm.), 1-9

times diameter of eye (3-75 mm.), pointed, tip again pointed with a shallow vertical

concavity on each side in front of the nostrils, rounded in profile, considerably over-

hanging lower lip; canthus rostralis angular, extending practically to tip of snout;

lores only slightly concave; interorbital width just more than that of an upper eyelid

(3-5 to 3 mm.), top of head almost flat and eye bulges indistinct; internasal space

3-5 mm.; diameter of the eye equals its distance from nostril; tympanum very distinct,

a decided tilt upwards, contained in diameter of eye about 1-3 times (3 to 3-75 mm.),
distance from eye 1-5 mm.; no supratympanic fold.

Skin nearly smooth above; a little wartiness on the upper eyelids; chin, throat

and a small part of belly anteriorly smooth; remainder of belly with most of lower

posterior and posterior ventral surfaces of thighs uniformly granular; limbs smooth;

a distinct, seam-like fold across chest; a small, wrinkled anal flap.

Forelimb long and slender (24 mm.), 60% of length of head and body; hand 11 mm.;
finger discs very small, but rounded and distinct, one-quarter diameter of tympanum
(0-75 to 3 mm.); flngers in order of length, 2, 1, 4, 3, 1st only a shade longer than

2nd, slender; no webbing between flngers; subarticular tubercles small but quite

distinct, rounded; palm with large medial tubercle; base of thumb enlarged.

Hindlimb long and slender, length (70 mm.) 175% of head and body; femur 17 mm.,
tibia 23 mm., foot 30 mm.; heel reaches exactly to tip of snout; toe discs very small

but distinct, rounded, one-third diameter of tympanum (1 to 3 mm.) ; toes in order

of length, 1, 2, 3 = 5, 4, very long and slender, especially 4th; extent of webbing
between toes, 55, 63, 80 and 63%; toes with' extremely narrow fringes to discs; sub-

articular tubercles rounded, small but very prominent; sole fairly smooth; inner

metatarsal tubercle elongated and prominent, outer small and flattened.

Vomerine elevations paired, oblique, convergent posteriorly, fairly widely separated,

mainly oval with a somewhat flattened side directed postero-laterally, anterior edges
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a little in front of choanae, hinder edges entirely in front of a line joining the

posterior corners of the choanae, which are large and elliptical; tongue subcircular,

free behind with a very shallow indentation, anterior two-thirds fills width of mouth;
no external subgular vocal sac.

Dorsal colour greyish-brown with irregular black markings, which are roughly

arranged in three longitudinal lines running back from an irregular patch which covers

and connects both upper eyelids, the vertebral streak is much broken up, the two
dorsolateral ones although discontinuous are much plainer; a black streak from nostril

runs through eye and tympanum and dies out behind the shoulder; groin and forepart

of thighs with a broken line of black spots; a thin black, very distinct line along preaxial

side of tibia and almost to toes; a few indistinct black spots on sides and head; lips

barred with dark brown, or perhaps better for upper lip brownish with white spots;

chin, throat and forepart of belly pure white; remainder of ventral surfaces whitish

with a yellow tinge; non-granulated area, which becomes wider distally, of posterior

surfaces of thighs boldly marbled with black on yellowish-white.

Specimens examined and Locality Records: 6 (R.4301-5, R.4307, A.M.) Darling River,

N.S.W. (R. Helms), May-June, 1890; 8 (R.5342-7, A.M.) Eidsvold, Burnett River, Q.

(T. L. Bancroft), Aug., 1911; 2 (R. 5501-2, A.M.) Eidsvold, Q. (T. L. Bancroft), Feb., 1912;

1 (R.5827, A.M.) Eidsvold, Q. (T. L. Bancroft), Aug., 1912; 2 (R.5867, A.M.) Brisbane, Q.

(McCulloch and Troughton), Sept., 1912; 3 (R.6059-61, A.M.) Norton's Basin, Nepean R.,

N.S.W. (D. B. Fry), Jan., 1913; 1 (R.6331, A.M.) Eidsvold, Q. (T. L. Bancroft), Nov.,

1913; 2 (R.7414, A.M.) Waroo, Inglewood, 60 m. W. of Stanthorpe, Q. (J. J. Fletcher),

Nov., 1921; 8 (R.7465-8, A.M.) Dandaloo, Bogan River, N.S.W. (J. J. Fletcher), Feb.,

1922; 4 (R.8469-70, A.M.) Nepean River, N.S.W. (Thomas Steel), Nov., 1924; 1 (R.8699,

A.M.) Gouldsville, 10 m. from Singleton, N.S.W. (W. Flick), Jan., 1924; 3 (7056 and

two other A.M. specimens) no data; 1 (A.C.630) Balonne River, 10 m. S.W. of St. George,

Q., 15.xi.l939; 10 (A.C. 3975-6, A.C.3978-85) Mclntyre Brook, near Whetstone, Q., 11.1.1948;

I (A.C.4035) Whalan Creek, 12 m. S. of Boggabilla, Q., 12.1.1948; 1 (A.C.4044) Jack Hall's

Creek, 9 m. S. of Coonabarabran, N.S.W., 15.1.1948; 1 (A.C.4218) 4 m. N. of Failford.

N.S.W., 6.1.1949; 1 (A.C.4977) Condamine River, near Chinchilla, Q., 15.1.1953;

3 (A.C.5110, A.C.5112-3) Condamine River, near Warra, Q., 29.xii.1954; 1 (A.C.5164)

Pox Creek, 11 m. E. of Mundubbera, Q., 3.1.1955; 1 (A.C.5175) O Bil Bil Creek, 10 m.

N.W. of Mundubbera, Q., 3.1.1955; 3 (A.C.5194, A.C.5197-8) Fiery Creek, 21 m. W. of

Eidsvold, Q., 4.1.1955; 10 (A.C.5260-5270) 1 m. N. of Baralaba, Q., 7.1.1955; 1 (A.C.5272)

II m. N. of Moura, Q., 7.i.l955; 1 (A.C.5353) Takilberan Creek, 23 m. N. of Gin Gin, Q.,

14.1.1955; 1 (A.C.5382) 8 m. S.E. of Calliope, Q., 12.1.1955; 1 (A.C.5448) between Eidsvold

and Wowan, Q., 4-11.1.1955; 1 (A.C.6154) 28 m. from Armidale on Bundarra Road, N.S.W.

(R. Pengilley), 1956; 1 (J.295, Q.M.) Eidsvold, Q.; 2 (J.9524-5, Q.M.) Burpengary, Q.;

1 (J.9526, Q.M.) Mackay, Q.; 1 (R.3738, S.M.) St. George, Q. (W. Hosmer), 25.ix.1955;

1 (M.C.Z.3618) Norton's Basin, N.S.W. (Australian Mus.), 1914; 1 (M.C.Z.3619),

Eidsvold, Burnett R., Q. (Australian Mus.), 1914; 4 (M.C.Z.18492-5) Rutherford, Sellheim

R., Q. (W. E. Schevill), 1932; Port Denison, Q., types, vide Giinther (1867: 55); South
Creek, St. Marys, N.S.W., vide Fry (1913: 22).

Variation.—Giinther (1867: 55) noted that the distance between the anterior corner
of the eye and the tip of the snout is equal to that between the anterior corners of the

eyes. This is true for 44 of the 84 specimens examined, but in 40 cases the snout is

slightly or quite markedly longer. The dorsum can never be described as perfectly

smooth. The upper eyelids are always and characteristically warty, and there are
invariably a few rounded or mildly elongated warts scattered over the back. These
are generally flattened and never very prominent. R.5342, A.M. and R.3738, S.M. can
almost be described as smooth, but they have an odd wart or two in addition to those

of the eyelids. Vomerine elevations are much as in A.C.5267, but in two Waroo, two
Nepean River and an Eidsvold frog they are much smaller and rounded. Of 84 frogs

14 have the distinctive dark pattern of Boulenger's plate; 60 have the pattern much
fainter but retain the blackish interorbltal patch much as in Fry's figure; 10 have
plain backs devoid of pattern. All specimens have the characteristic black pattern on
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yellow behind the thighs. This is illustrated by both Boulenger and Fry. An odd

specimen as A.C.5265 may have the chin and throat rather heavily reticulated with

dark brown, or there may be a general darkening without pattern. However, about

70% of all specimens have the chin and throat immaculate white.

Discussion.—howeridge (1935: 52) made a valuable contribution towards clarifying

this species. He places dimolops Cope (1869: 163) originally Dumeril's punctata

(1853: 149) from Sydney in the synonymy after comparing his specimen from Norton's

Basin with Dumeril's original description and noting that the narrow lateral glandular

fold used in Boulenger's key to the Hylidae (1882: 346) may or may not be present.

In fact it occurred on one side and was absent on the other in the Norton's Basin frog.

He comments on the close relationship of latopalmata and lesweurii as follows: "I judge

that latopalmata can best be separated from its near ally lesueurii by its narrower head

and habit. In addition No. 3618 (the Norton's Basin frog) differs from two lesueurii

from the same locality in Its dorsal punctate blotches; apart from this the markings

are strikingly similar and it is not a little surprising to find two such closely related

species occurring in the same locality." Nieden's description (1923: 227) is very much

that of Boulenger (1882: 414). Fry gives a rounded discussion of the species (1913: 20)

including redescription, figures, notes on distribution and a comparison, with freycineti.

Fry's frogs were collected about Eidsvold on the Burnett River in Queensland. Fry

says "Dr. Bancroft has forwarded a fine series of this rare frog, and as his specimens

show considerable differences from Dr. Boulenger's description of the type, I have

redescribed the species". As far as I can see Boulenger's description is a very accurate

one and tallies with Eidsvold specimens. Fry quotes from Krefft (Austr. Vertebrata

Fossil and Recent, 1871, p. 63) "We believe this to be a well distributed species which

occurs at Adelaide, near Sydney, and probably in the intermediate district". Fry

remarked that this Adelaide record was the only one of latopalmata south of Sydney.

Waite (1929: 262) reproduces Boulenger's figure and says "It is rather doubtful if

the identification of this frog from Adelaide is correct, for it does not appear to have

been recognized here since first recorded by Krefft in 1871. If a denizen of this State,

it is much more likely to occur nearer the northern borders". Fletcher (see synonymy)
gives about a dozen notes on habits and distribution. Because the ranges of latopalmata

and lesueurii are so largely coextensive and they are so closely allied, it seems probable

that the two were confused by many early authors. Latopalmata is a slimmer species

than lesueurii with a more pointed snout, a dorsal pattern which is characteristic when
present, and the fact that the posterior surfaces of the thighs are marked boldly with

black or dark brown on a yellow or yellowish-white ground. Specimens do not have

the large black area marbled with white islands, figures of eight and similar enclosed

figures peculiar to lesueimi. Excluding the doubtful Adelaide record Hyla I. latopalmata

extends from National Park, just south of Sydney along the coast to well past Mackay.
Although it is mainly a coastal form it occurs on the highlands and western slopes

with extensions down the streams of the western rivers to the Darling.

Hyla latopalmata watjulumensis, subsp. nov.

Synonymy and references: Hyla latopalmata: Fletcher (1898: 681-2); Fry (1914:

209); Loveridge (1935: 52). Hyla affinis (non Gray) : Andersson (1913: 24); Loveridge

(1935: 51-3).

Specimens examined and, Locality Records: 1 (R.6011, A.M.) Napier, Broome Bay,
W.A. (W.A. Museum); 3 (R.10491, 10499, 10501, W.M.) Napier, Broome Bay, W.A.;
2 (R.8733-4, W.M.) Thompson's Spring, Argyle Station, W.A.; 29 (R.11195-9, R.11633-5,

R.11638, R.11896-11907, R.11932-9, W.M.) Watjulum Mission, W.A.; 1 (M.C.Z.18000)
Kimberley Division, W.A. (E. Mjoberg), 1910-1911; King's Sound and Kimberley, W.A.,
vide Fry (1913: 22); Jedda, Noonkambah, St. George Range, all in Kimberley Division,

W.A., vide Andersson (1913: 24); King's Sound (Macleay Museum; one adult collected

by Mr. W. W. Froggatt) ; Kimberley, N.W.A. (Mr. R. Helms; four specimens, not quite

half grown), vide Fletcher (1898: 681).
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Discussion.—The Western Australian race is differentiated by habitus and coloration.

The snout is both longer and sharper with almost straight sides to the head and a
pointed tip to the snout. The distance between the anterior corner of the eye to the tip

of the snout is always markedly longer than the distance between the anterior corners
of the eyes. The ratio is practically invariable at 120%. All frogs lack the dorsal

pattern characteristic of I. latopalmata, and are generally bluish in preservative, not
brownish. Of 23 individuals, 10 had the dorsum practically uniform dark blue, three

were nearly uniform grey, three grey except for a little obscure dark mottling, five had
an irregular piebald pattern about half light and half dark, while two were heavily dark
spotted. The posterior surfaces of the thighs are reticulated with black on white or

whitish-grey, not yellow. The black is frequently so extensive that it occurs as a plate

reminiscent of lesueurii and the white appears as spots or irregular figures. This is

unlike the eastern Australian pattern of I. latopalmata. Vomerine elevations are much
the same as those of the typical form, but are perhaps a little more transverse and set a
trifle more forward. The type locality Watjulum Mission is close to Yampi Sound, north
of King Sound. Andersson (1913: 24) had six specimens from the Kimberley area,

which he identified as affinis. He says "in all specimens the under side of the thighs is

more or less marbled with black and white". This is not the case with eastern frogs.

Loveridge (1935: 51) records that he had examined one of the frogs referred to affinis

by Andersson and found it to be latopalmata.

Hyla jenolanensis, sp. nov.

Description of R.lJf412 in the Australian Museum, an adult female, from creek bed

near Bottomless Pit, Jenolan Caves, N.S.W., collected by C. Sander (C.S.I.R.O.),

18.iii.l954:

Habitus slender with a broad, flattened head and narrow body tapering back to a

thin waist; total length of head and body 62 mm.; head subtriangular, slightly wider

than long (21 x 20 mm.); snout short (10 mm.), one and a third times diameter of eye

(7-5 mm.), broadly truncate when viewed from above, very slightly rounded but almost

vertical in profile, extending very little beyond lower lip; canthus rostralis rounded in

front, a short straight angular section behind; lores slightly concave, sloping obliquely"

inwards; interorbital width not quite twice that of an upper eyelid (7 to 4-5 mm.), the

top of the head flattish between prominent eye bulges; internasal space 5 mm.; eye

large and rounded, set deeply in jaw, its diameter slightly more than its distance from

nostril; tympanum only moderately distinct, round, tilted slightly upward, contained

twice and a half in diameter of eye (3 to 7-5 mm.), distance from eye 2 mm.; a hardly

distinguishable supratympanic fold.

Skin smooth but minutely pitted especially on the head; chin and throat practically

smooth; body and proximal areas behind thighs very finely granular; limbs below

smooth; no pectoral fold; anal flap very small.

Forelimb rather thin and long (42 mm.), 68% of length of head and body; hand
18 mm.; finger discs small, spatulate, considerably longer than wide, about two-thirds

size of tympanum (2 to 3 mm.); fingers in order of length, 1, 2, 4, 3; the extremities

have become dried but the extent of webbing between the fingers is about 27, 40 and

32%; fringes practically absent: subarticular tubercles rounded, distinct but not

prominent; palm divided; thumb broadly expanded basally.

Hindlimb long and slender, length (100 mm.) 161% of head and body; femur 29 mm.,

tibia 29 mm., foot 42 mm.; heel reaches nearly to nostril; toe discs much as those of

fingers but smaller, half size of tympanum (1-5 to 3 mm.); toes in order of length,

1, 2, 3, 5, 4; extent of webbing not determinable because of drying but appears to be

less than half; fringes practically absent; subarticular tubercles low and rounded; sole

fairly smooth; a narrow tarsal fold; an elongated inner metatarsal tubercle, no outer

one.

Vomerine elevations moderately robust, paired, oblique, convergent posteriorly, well

separated, beginning near the anterior corner of the choanae the larger posterior half of

each elevation is behind a line joining the posterior corners of these rather large
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openings; tongue almost round, free behind with only the merest trace of an

indentation.

The dorsal surface of the head and body has a very light brown ground colour. It is

closely spotted and reticulated all over with a rich medium brown. The upper eyelids

are in sharp contrast being a coarse network of black and white. A very thin, incon-

spicuous white line runs from the eye almost dorsolaterally more than half-way down
the side. Two or three white patches form a broken line from the angle of the jaw to

the shoulder. There is a good deal of white under the eye and on the upper jaw as well

as an indistinct white streak along each of the lores. The underside of head, body and
limbs is immaculate white except for a brown rim round the margin of the lower jaw.

The dorsal surfaces of the limbs including a narrow strip on the thighs but not the

upper arms are spotted or reticulated much as the dorsum. Posterior surfaces of the

thighs are very pale yellow.

Discussion.—It is normally poor practice to establish a species on a single specimen,

but I am fairly confident in this case. At least I am certain that the Jenolan Caves

frog differs from all of many others I have seen from areas about Sydney. The
vomerine elevations in jenolanensis are set farther back than in lesueurii, being more
than half behind the line joining the posterior borders of the choanae. They are also

widely separated and rather triangular in shape. The body is flattened and tapers

back from the wide head to a narrow waist. There are in addition at least three

striking differences in colour. The posterior surfaces of the thighs are uniform plain

yellowish-white with a marbled area restricted to the dorsal surface of the limb. The
upper eyelids are beautifully reticulated in black and white, and the general ground
colour of the dorsum is very light brown spotted and reticulated all over with a

darker brown.

Hyla kinghoeni Loveridge.

Synonymy: Hyla kinghorni: Loveridge (1950: 132).

Loveridge's original description (1950: 132) reads: Hyla kinghorni, sp. nov. Type.

—

California Academy of Sciences No. 83,234, an adult (^ from Ulong, northeastern New
South Wales. Collected by J. R. Slevin, January 28, 1948. Diagnosis.—Apparently most
nearly related to Hyla latopalmata, from which it may be distinguished as follows:

Canthus rostralis sharply angular ; interorbital space two-thirds the width of an upper eyelid

;

vomerine teeth in two juxtaposed groups ; first finger as long as second ; toes from first

to fifth have i, 1, 1, IJ, and 0. terminal joints respectively free of web . . kinghoi-ni, sp. nov.

Canthus rostralis obtusely rounded; interorbital space li-lj times the width of an upper
eyelid ; vomerine teeth well separated ; first finger longer than second ; toes from first to

fifth have 0, 0, 0, IJ, and terminal joints respectively free of web . . latopalmata Gunther.

Description.—Head as long as broad; snout subacuminate, its length (to anterior

corner of eye) equal to the distance separating the anterior corners of the eyes;

nostril considerably nearer the end of the snout than it is to the anterior corner of

the eye; canthus rostralis sharply angular; loreal region oblique, slightly concave;

interorbital space two-thirds the width of an upper eyelid; diameter of tympanum
rather more than half that of the eye; tongue large, subcordiform, distinctly emarginate
behind, slightly free; vomerine teeth strongly developed in two juxtaposed, slightly

oblique groups between the choanae. Fingers free of web, first as long as second,

which is shorter than fourth, which is shorter than the third, disk of third only half

diameter of tympanum; toes well webbed, the web extending almost to the disk on the

first, to the distal subarticular tubercle on the second and third, as a narrow margin to

the distal tubercle on the fourth, and to the disk on the fifth; in other words, the terminal
joints free of web from first to fifth are i, 1, 1, H, and 0; subarticular tubercles prominent;
an oval inner, but no outer, metatarsal tubercle; tibio-tarsal articulation of the adpressed
hindlimb reaches beyond end of snout. Skin above smooth; an indistinct curved supra-
tympanic fold; forearm smooth, without dermal ridge or series of tubercles; being a
male, there is a partly pigmented nuptial swelling at base of first finger; neither lappet
on heel nor dermal ridge along outer edge of foot. Below, throat smooth; breast, belly,

and thighs granular. Colour.—Above, pale grey variegated with light-edged black
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patches that coalesce erratically; from nostril through eye to above forearm an
ill-defined dark streak; flanks with a few black spots; thighs with slight marbling on
distal half of hinder side only. Below, white, a faint trace of dusky pigmentation around
lower jaws; otherwise uniform, becoming yellowish cream on belly and buttocks.

Size.—Total length from snout to anus of holotype ($, 45 mm.; hindlimb 80 mm.
Remarks.—Named for J. Roy Kinghorn, Esq., of the Australian Museum, whose ever-

ready helpfulness is known to all visiting herpetologists. This new hylid has been
compared with all related forms of the twenty-three species of Australian Hyla in the

collections of the Museum of Comparative Zoology, as listed by me (1935, Bull. Mus.
Comp. Zool., 78, pp. 37-54).

Description of type, No. 83,234 of the California Academy of Sciences, now R.13,818

in The Australian Museum, an adult male, Ulong, North Coast of New South Wales,
28.i.l94S (J. R. Slevin) :

Habitus rather slender, thinning back evenly from broad head to narrow waist,

greatest width of body (at shoulders) 15 mm., 33% of total length of head and body
(45 mm.); head subtriangular with a rounded outline, about as broad as long (16 to

17 mm.); snout moderate (8 mm.), 1-6 times diameter of eye (5 mm.), obtusely pointed

when viewed from above, rounded and receding to lip in profile; canthus rostralis

straight, reasonably distinct; lores almost flat, sloping obliquely inwards at about 45°

from jaw to canthus rostralis; interorbital width not much more than that of an
upper eyelid (3-5 to 3 mm.), top of head rather flat and eye bulges not very distinct;

internasal space 3-75 mm.; diameter of eye equals its distance from nostril; tympanum
very distinct, directed slightly upward, contained in diameter of eye 1-7 times (3 to

5 mm.), distance from eye 1-5 mm.; almost unnoticeable supratympanic fold.

Skin smooth above; chin, throat and underside of limbs, except thighs, smooth;

belly and practically the whole of the ventral surface of thighs granular; indistinct

fold across breast; a very small anal flap.

Forelimb strong, fairly long (28 mm.), 80% of length of head and body; hand
12 mm.; finger discs rounded, small, little more than half diameter of tympanum
(1-75 to 3 mm.); fingers in order of length, 1 = 2, 4, 3; fingers devoid of webs or

fringes; subarticular tubercles rounded, rather small but quite distinct; a few indistinct

supernumerary tubercles and a large, proximal palmar one; thumb with large swollen

basal pad and dark thickened area on inner side.

Hindlimb strong and long, length (88 mm.) 196% of head and body; femur

25 mm., tibia 27 mm., foot 36 mm.; heel reaches well in front of snout; toe discs very

small, hardly wider than toes, squarish, one-third diameter of tympanum (1 to 3 mm.)

;

toes in order of length, 1, 2, 3 = 5, 4; extent of webbing between toes, 33, 52, 67 and 75%,
web extends practically to discs of 1st and 5th toes; fringing of toes very narrow or

practically absent; subarticular tubercles rounded, small but distinct; sole divided

longitudinally but fairly smooth; a small inner metatarsal tubercle which is about

one-quarter the size of the large outer one.

Vomerine elevations paired, narrowly separated, well-developed, transverse, posterior

sides bearing minute teeth, totally contained between choanae, each the size of one of

the choanae, which are large, and separated from it by about half its width; tongue

somewhat longer than wide and wider in front than behind, where it is free and
feebly notched. Width about half that of mouth at angle of jaws; no external vocal sac.

Dorsal colour pale yellowish-grey, many black markings without orientation ranging

from extensive irregular marbling through large spots to minute flecks but ground

colour is never in doubt, limbs progressively lighter distally; back of thighs, par-

ticularly distal two-thirds, marbled in black and white; a black streak from snout,

through eye, over tympanum to above shoulder, ventral surfaces white, chin and throat

immaculate, belly and limbs with yellowish tinge.

Specimen examined and Locality Record: 1 (R.13818, A.M.) Ulong, Dorrigo Dist.,

N.S.W. (J. Slevin), Jan. 28, 1948.

Discussion.—The type and apparently the unique specimen collected was carefully

compared with a large series of latopalmata with a prejudged impression that it was

at most a race of that species. It is undoubtedly very close to latopalmata, with which
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it agrees in having the distance between the anterior corners of the eyes equal to

that between the eye and the tip of the snout, and with liaving a dark band between

the eyes and in its very irregular dark dorsal pattern a trace of the three longitudinal

lines. However, the upper jaw is less pointed than in latopalmata and the lower jaw

is almost semicircular and not distinctly U-shaped. The dorsum is quite smooth and
the upper eyelids without the wartiness of latopalmata. The vomerine elevations are

transverse and closely opposed instead of being well separated. The black pattern

behind the thighs is on grey, not yellow, and the lower jaw is almost immaculate

white without a trace of the marginal short dark bars practically characteristic of

latopalmata. It seems wise to consider kingliorni as a separate species at least until

additional specimens clarify the position.

Hyla nasuta (Gray).

Synonymy: Pelodytes nasutus: Gray (1842: 56). Litoria nasuta: Giinther (1858: 97;

1867: 55); Krefft (1865: 18, 19); Steindachner (1867: 56). Hyla (Litoria) nasula:

Keferstein (1868&: 277). Hyla nasuta: Boulenger (1882: 415; 1885: 387); Fletcher

(1892: 11; 1893a: 232; 1894: 525, 530; 1898: 682, 684); Lucas and Le Souef (1909: 292)

Kampen (1909: 35; 1923: 27, 64); Andersson (1913: 25; 1916: 15); Fry (1912: 100

1914: 210); Nieden (1923: 206); Noble (1931: 510); Loveridge (1935: 54; 1949: 214)

Mitchell (1955: 405). Hyla peninsulae: De Vis (1882: 130). Hyla semoni: Boettger

(1894: 112) vide Nieden (1923: 206).

Gray's original description (1842: 56) reads: Pelodytes nasutus. Nose rather

produced, conical. Purplish brown, in spirits, with a broad whitish streak on the end

of the nose, divided behind into two lines extended down the middle of the back to

the groin, and some cross lines and a central streak on the loins, an irregular grey

streak on each side and a spot on the front of forearm; an ovate white spot from the

angle of the gape to the shoulder; sides, lower jaw, back and thighs purplish marbled;

chin, underside of body and legs white; belly and hinder part of thigh granular; the

front toes free, the hinder elongate, webbed, all with roundish tubercles beneath, and
with a roundish tubercle on the ankle; tympanum large; palatine teeth in 2 roundish

groups; tongue oblong, slightly nicked behind. Inhabits the north coast of Australia;

Port Essington, Mr. Gilbert.

Description of No. A. C.3874, a male, probably adult, Whiteman Creek, near Grafton,

N.S.W., 6.i.l948:

Habitus slender; total length of head and body 40 mm.; head triangular, rather

acutely pointed, somewhat longer than broad (15-5 to 12 mm.); snout moderately long

(7-5 mm.), nearly twice diameter of eye (4 mm.), pointed when viewed from above,

torpedo-shaped in profile, projecting well beyond lower lip, which is directly below
nostril; canthus rostralis straight, distinct but not prominent; lores sligjitly concave,

sloping obliquely inwards and upwards from jaw to canthus rostralis; interorbital width
twice that of an upper eyelid (4 to 2 mm.), sharply marked off between prominent
eye bulges; internasal space 3-75 mm.; diameter of eye equals its distance from nostril;

tympanum very distinct, within a white ring, directed slightly upward, contained in

diameter of eye about 1-4 times (2-75 to 4 mm.), distance from eye 2 mm.; no distinct

supratympanic fold.

Skin smooth but raised into a comparatively few large warts and prominent longi-

tudinal folds; the two most prominent folds are dorsolateral and each runs from the
eye to above the groin; two discontinuous folds start between the nostrils and run
back on each side of the midline breaking up into a large number of warts at the
posterior part of the back; warts on the upper parts of the sides, larger in front;
upper eyelids warty; a glandular swelling from angle of jaws to above shoulder; chin,
forepart of body, underside of forelimb, three' quarters of thigh and rest of hindlimb
smooth; belly, about half of posterior surfaces of thighs and small area of ventral
surfaces of thighs rather finely granulate; no fold across breast; small anal flap.

Forelimb strong and moderately long (25 mm.), 63% of length of head and body;
hand 11 mm.; finger discs small but distinct, rounded, not much more than one-third
diameter of. tympanum (1 to 2-75 mm.); fingers in order of length, 2, 1, 4, 3, the 1st
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very slightly longer than 2nd; no trace of webbing; subarticular tubercles small,

rounded, distinct; large, half-divided, outer metacarpal pad; large elongated tubercle

on base of thumb, this is covered on inner side by a black nuptial pad which extends

about two-thirds along the thumb to the single prominent subarticular tubercle; a

flap-like fold above wrist.

Hindlimb elongated, slender but strong; length (77 mm.), 193% of head and body;

femur 22 mm., tibia 23 mm., foot 32 mm.; heel reaches decidedly beyond tip of snout;

toe discs hardly wider than toes, longer than wide, much smaller than tympanum
(0-75 to 2-75 mm.) ; toes in order of length, 1, 2, 5, 3, 4; extent of webbing between toes,

67, 61, 58 and 45%; fringes of toes extremely narrow; subarticular tubercles small but

distinct; no supernumerary tubercles; sole divided longitudinally; inner and outer

metatarsal tubercles small but quite distinct, inner slightly the larger; pocket-like

flaps at heels and ankles.

Vomerine elevations paired, rounded, well separated from each other and slightly

more widely from the choanae, which are small; front of elevations in line with

anterior margins of choanae, between which they are nearly wholly contained; tongue

heart-shaped, free and shallowly grooved behind, a little more than half width of mouth
at angle of jaws; large external subgular vocal sac, with two frills at each side and
behind when deflated, and with a large opening into the mouth on each side of the

tongue.

Dorsal colour very light brown to yellowish-white; a wide, black dorsolateral band
begins after a gap behind the eye and peters out above the groin, its upper margin is

even but it has irregular projections downwards; another black streak begins at the

snout, runs through the eye and tympanum and dies out half-way along the side; a
middorsal series of black blotches starts between the eyes and joins into two roughly

marked out bands separated by a white line over the coccygeal region; ill-defined

longitudinal black bands longitudinally along hindlimbs, the preaxial dorsal one marked
out by a series of blotches, the median dorsal one along the thigh quite continuous;

thighs behind uniform yellowish-white margined above by irregular, black marbling;

the ventral surfaces almost uniform yellowish-white; a thin white line runs above

the brownish edge of the upper jaw with projections dorsad before and behind the eye

and ending in a white glandular fold behind and below the tympanum; three large

white spots on each side below lower jaw.

Specimens examined, and Locality Records: 1 (R.227, A.M.) 25 m. inland from

Cairns, Q. (Cairn and Grant), Jan., 1888; 2 (R.1519, A.M.) Cooktown, Q. (D. le Souef),

Dec, 1893; 1 (R.3530, A.M.) Mapoon, Gulf of Carpentaria, Q. (Charles Hedley), July,

1903; 1 (R.5010, A.M.) Cape York, Q. (Elgner, Chas. Hedley), Dec, 1910; 1 (R.6010,

A.M.) Napier, Broome Bay, W.A.; 1 (R.6321, A.M.) GurraA^embi, Nambucca River,

N.S.W. (D."b. Fry and H. E. Smart), Oct., 1913; 2 (R.6952, A.M.) Cape Bedford,

North Q. (Hedley and Briggs), Sept., 1916; 1 (R.7960, A.M.) Moa Island, Torres Strait,

Q. (W. H. McClennan), Oct., 1922; 2 (R.8052-3, A.M.) Kiamari, Papua (A. R.

McCulloch), 19.X.1922; 1 (R.9590, A.M.) Cape York, Q. (Mel Ward), 1928; 5 (R.9731-2,

A.M.) Groote Eylandt, North Aust. (H. E. Warren), 9.i.l929; 1 (R.10086, A.M.) Night

Cliff, Pt. Darwin (Clark and Livingstone), Jan., 1930; 1 (R.11862, A.M.) no data;

4 (R.13208-13211, A.M.) Laloki Nursery, Port Moresby (L. Jones); 18 (R.13519-13523,

R.13629-13631, A.M.) Groote Eylandt, North Aust. (John E. Bray); 1 (7017, A.M.) Warro,

Port Curtis, Q.; 1 (7019, A.M.) Warro, Port Curtis, Q. (W. T. Blackman) ; 1 (7305,

A.M.) no data; 10 (A.C.3867-76) Whiteman Creek, near Grafton, N.S.W., 6.1.1948;

1 (A.C.3897) Tooloom Falls, near Urbenville, N.S.W., 8.1.1948; 1 (A.C.5301) 25 m. S.E. of

Wowan, Q., ll.i.1955; 3 (A.C. 5321-3) near Childers, Q., 14.1.1955; 1 (R.3639, S.M.) Cairns,

Q. (W. Hosraer), Oct., 1954; 3 (R.3824, S.M.) Shoal Bay, Rockhampton, Q. (J. Baldwin),

14.vi.l956; 2 (D.3284-5, N.M.) Randwick Swamp, N.S.W.; 1 (D.3289, N.M.) probably

with preceding; 2 (D. 3267-8, N.M.) Grafton, Clarence River, N.S.W.; 5 (U.S.N.M.128268-71,

R.3253, S.M.) Umba Kumba, Groote Eylandt, N.T.; 1 (U.S.N.M.128459) Central Hill,

Groote Eylandt, N.T.; 1 (U.S.N.M.128462) near Old Mission, Groote Eylandt, N.T., last

three references vide Mitchell (1955: 405); 2 (M.C.Z.26001) near Darwin, N.T., vide
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Loveridge (1949: 214); 3, Napier, Broome Bay, W.A. (G. F. Hill), vide Fry (1914: 210);

4 (M.C.Z.18138-41) Coen, Q., plus 6 Darwin, N.T., and Nambucca River, N.S.W.,

specimens, vide Loveridge (1935: 54); Yandina, Mount Tambourine, Alice River, Cape

York, all Q., vide Andersson (1913: 25 and 1916: 15).

The 69 A.M., S.M., N.M. and A.C. specimens listed have all been examined.

Variation.—The head is longer than bi'oad by 20-30%, generally about 22%. Often

the snout is very acutely pointed. The ratio of the distance between the anterior corner

of the eye and the tip of the snout to that between the anterior corners of the eyes

averages 1-30 with an extreme case of A.C.3876 from Whiteman Creek with 1-50.

Interorbital width may be as little as 1-25 or 1-5 times that of the upper eyelid as in two

Burpengary frogs. The 1-4 ratio of eye to tympanum is very constant. A supratympanic

fold is always present, becoming more conspicuous after long preservation. The
tympanum with its raised rim is always very distinct. All specimens have prominent

longitudinal folds, the median pair which are close together are often quite sharp. A
swelling behind the angle of the jaws is invariably present as a conspicuous, white,

glandular, almost lobe-like patch. The posterior margin of the vocal sac in males may
develop into a fairly well marked fold. All males have this large external sac, and
most a large black nuptial thumb shield. The thumb is more or less opposed. Length
of the hindlimb to that of head and body is usually about 200% but may reach 220%.
The proportion of webbing is rather constant. An inner metatarsal tubercle is always

prominent. The outer one is small and rounded, but distinct. In a few cases it is

prominent. Vomerine elevations may project slightly in front of the choanae. None
extend behind, but in one of R.1519 they just reach a line joining the posterior borders

of the choanae. Overall there is no great variation in coloration. The back may be

almost plain, or have heavy black markings towards the sides, or again heavy longi-

tudinal markings including the median area. The posterior surfaces of the thighs are

yellowish. A dark longitudinal stripe always runs along the whole length of the thighs

a little towards the dorsal margin. There is usually another stripe more ventrally and
with a more dorsal one may form three longitudinal stripes. The median stripe some-

times has its borders very even or they may be wavy or even consist of a confluent

series of round dots. The median stripe is beautifully marked in R.3639, S.M. among
others, and sends prolongations to the more ventral stripe but not to the more dorsal one.

Discussion.—Nasuta is the most beautifully streamlined of all Australian Hylids

with its pointed head, slender body and long legs. Krefft (1865: 19) believed Litoria

punctata and marmorata were both "probably varieties of nasuta". He (p. 18) records

nasuta from Sydney, and Giinther (1867: 55) repeats his record. Fletcher, in about

six references dealing mainly with distribution, questions this (1893o: 232 and 1894: 525)

saying "H. nasuta would appear to have been confounded with H. freycineti (perhaps also

with H. latopalmata) by Mr. Krefft, who reported it as a Sydney frog". I have always
regarded the species as not coming southwards past the North Coast of New South Wales,
hut there are two specimens in the National Museum collected from the Randwick
Swamp, Sydney, so, with Krefft's record, it is quite possible that stragglers did form
colonies as far south as Sydney and have been wiped out by close settlement. Boulenger
(1884: 415) recognized nastt^a's close relationship to freycineti, but separated it on
the possession of "numerous longitudinal plaits on the back", elongation of hindlimb
and toes, greater development of web, and coloration. Nieden (1923: 206) follows
Boulenger closely. Andersson (1913: 25) remarked on the typical dark chestnut colour,
and the fact that his Yandina specimen was not uniformly coloured dorsally but had
"two light dorsolateral bands, diverging behind, and separating a light brown dorsal
area from the dark chestnut sides". He also pointed out that semoni was probably
identical with nasuta. There is no doubt that be Vis' peninsulae from Cape York is a
synonym of nasuta. His description agrees exactly with nasuta, except for "outer meta-
tarsal tubercle none", but this is often so small that it could easily have been missed.
Loveridge (1949: 214) noted that -in his Darwin specimens the tympanum was seven-
eighths, or equal to, the orbital diameter and that the outer finger was without web.
T. R. Toveir-s field note is quoted "In life greenish-black with a broad brown stripe
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down centre of back. Found among leaves after burning of spear grass at McMillan's,

about six miles from Darwin". Noble (1931: 510) dealing with classification says "In

the Australian regions, however, there are a few Hylas which resemble Rana even more
closely than Acris does. H. nasuta of Queensland, in form, colour, dorsal folds, etc.,

is remarkably similar to R. mascareniensis. Further, its intercalary cartilages are

greatly elongated as in Acris. It would seem that terrestrial life has called forth a

greater development of these primarily arboreal structures". Nasuta is a lover of

grassy swamps. Childers frogs were found in holes made by the hooves of cattle in a

boggy stream flat. They are often seen at night hopping in wet grass. Males from
Whiteman Creek were found at night sitting in shallow pools with their vocal sacs

greatly distended. Live frogs often have bright colours which disappear on preser-

vation. For instance A.C.3861 had a vermilion inguinal area and reddish-yellow

behind the thighs.

Hyla freycineti (Tschudi).

Synonymy and references: Litoria freycineti: Tschudi (1838: 36, 77); Dumeril and

Bibron (1841: 504); Giinther (1858: 97); Steindachner (1867: 55). Pelodytes affinis:

Gray (1842: 56), vide Giinther (1858: 97). Litoria mystacina: Keferstein (1868a: 356).

Hyla (Litoria) Freycinetii: Keferstein (1868a-: 355; 1868&: 276). Hyla (Litoria)

Freycinetii, var. verriiculata: Keferstein (1868a: 355; 1868b: 277). Hyla freycineti:

Boulenger (1882: 414); Fletcher (1889: 365, 371, 385; 1890: 671; 1893a: 232; 1894: 525.

530; 1898: 682, 684); Nieden (1923: 234); Loveridge (1935: 53).

Tschudi's original description (1838: 77) reads: 20. Litoria Tsch. Caput convexam,

acutum, nares infra canthum rostralem; dentes palatines perpaucos accumulatos;

linguam crassam, integram, margine postico vix liberam, tympanum conspicuum; pedes

tenues, digitos graciles vix apice dilatos, scelidum longissimos semipalmatos. Patria:

Nova Hollandia. Litoria Freycineti Mus. Par.

The original description may almost be transferred to page 36 in the same work
where Tschudi gives the generic diagnosis and mentions freycineti. He says: Litoria

Tsch. Freycinet brachte diese Hyla aus Neuholland mit; in der Schadelbildung, der

allgemeinen aussern Form und in der Gestalt der Fiisse zeigt sie die auffallendsten

Bezichungen zu Strongylopus; sie ist jedoch Hyla; die Gaumenzahne sind an der

vordern Seite der innern Nasenoffnung angehauft; die Zunge ist nicht sehr gross, aber

dick; der Schadel gewolbt; das Trommelfell sichtbar; die Fiisse schlank, die Zehen

lang, vorn unbedeutend erweitert; die Hinterfiisse zur Halfte hit einer Schwimmliaut

verbunden.—Litoria Freycineti: tiefbraun auf hellbraunem Grunde; die Schenkel aber

weiss gefleckt.

Description of No. R.4207, in the Australian Museum, an adult male, Maroubra Bay,

Sydney, N.S.W., Sept., 1908 (Fry and Ross):

Habitus moderately stout but with long hindlimbs and a pointed head; total length

of head and body (41 mm.); head subtriangular, somewhat longer than broad (16 x

14-5 mm.); snout moderate (8 mm.), 1-7 times diameter of eye (4-75 mm.), obtusely

pointed when seen from above, in profile sloping steeply to a truncate beak, which

extends well in advance of the lower lip, actual tip of snout pointed, the end of the

snout is made more prominent by shallow grooves extending downwards from nostrils

to upper lip; canthus rostralis angular; lores slightly concave; interorbital width equals

that of an upper eyelid (3 mm.), eye bulges prominent; internasal width 4 mm.;

diameter of the eye a shade more than its distance from nostril; tympanum very

distinct, round, directed slightly upward, contained in diameter of eye 1-6 times (3 to

4-75 mm.), distance from eye 2 mm.; a distinct, straight supratympanic fold from eye

to above shoulder.

Skin dorsally raised into numerous rounded warts, which are generally quite

separate, very rarely confluent; there is a tendency for the warts to occur in six

longitudinal series, this if anything is most pronounced in the two lines which begin

well before the eyes and run back on each side of the vertebral line, at most the arrange-

ment is very irregular; low rounded warts on femur and tibia; sides except upper
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margins smooth; eyelids warty; chin and throat smooth; belly and undersides of thighs

uniformly granulate; no fold across breast; a very small anal flap.

Forelimb fairly robust and rather short (23 mm.), 56% of length of head and body;

hand 10 mm.; finger discs very small but distinct, rounded, hardly wider than fingers,

one-third diameter of tympanum (1 to 3 mm.) ; fingers in order of length, 1=2, 4, 3; hand
rather claw-like; fingers free of web; subarticular tubercles distinct, rounded; palmar

area granular; thumb enlarged proximally, with brown nuptial elevation on inner side,

somewhat opposed to fingers.

Hindlimb well developed; length (78 mm.) 190% of head and body; femur 21 mm.,

tibia 25 mm., foot 32 mm.; heel reaches well beyond tip of snout; toe discs very small,

rounded, equal in size to those of fingers (1 mm.); toes in order of length, 1, 2, 3, 5, 4;

extent of webbing between toes, 44, 38, 48 and 50%; all toes with very narrow fringes

to discs; subarticular tubercles small, rounded, distinct; sole divided, smooth with a few

small flat tubercles; inner metatarsal tubercle oval and prominent, outer less than half

its size but distinct.

Vomerine elevations moderately developed, paired but closely opposed to form

a transverse series, halved by line joining anterior margins of choanae, totally in front

of line joining centres of choanae, which are rather small and elongated; tongue heart-

shaped, free and nicked behind, practically width of mouth; large internal subgular

vocal sac with a large opening into the mouth at each side of the tongue.

Dorsal colour light brown much obscured by black; three very irregular black

stripes start from a patch which connects and covers both upper eyelids, the vertebral

one is broken up above coccyx but continues to above vent, the two dorsolateral stripes

continue almost to groins, the left one is disconnected; the black markings tend to be

insuliform; a black streak from snout, through eye, to above shoulder; a large black

patch on head; limbs dorsally barred and blotched with black; a few large white spots

on brown behind thighs; light spots on lips; a light brown streak before and under

eye to tympanum; chin and throat brown; belly and limbs yellow ventrally.

Specimens examined and Locality Records: 1 (R.181, A.M.) Paddington Reserve,

Sydney, N.S.W; (H. Smithurst), Jan., 1888; 1 (R.3974, A.M.) Lindfield, Sydney, N.S.W.

(Dene Fry); 1 (R.4187, A.M.) Lindfield, Sydney, N.S.W. (Dene Fry), Aug., 1908;

3 (R.4207, R.4213-4, A.M.) Maroubra Bay, Sydney, N.S.W. (Fry and Ross), Sept., 1908;

1 (R.4254, A.M.) Warrell Creek, Nambucca River, N.S.W. (Dene Fry), Nov., 1908;

1 (R.4332, A.M.) Lindfield, Sydney, N.S.W. (Dene Fry), Feb., 1909; 2 (R.4349, A.M.)

Woodford, Blue Mts., N.S.W. (Dene Fry), 9.ii.l909; 1 (R.5104, A.M.) Botany, Sydney,
N.S.W. (A. R. McCulloch); 1 (R.5687, A.M.) Lindfield, Sydney, N.S.W. (D. B. Fry),

June, 1912; 1 (R.5689, A.M.) Lindfield, Sydney, N.S.W. (D. B. Fry), June, 1912;

2 (R.12316, A.M.) Far North Coast, N.S.W. (J. C. Wiburd) ; 2 (R.13421, A.M.) French's
Forest, near Sydney, N.S.W. (R. MacKay), May, 1948; 2 (7007, 7009, A.M.) Warro,
Port Curtis, Q.; 3 (7013-4, 7022, A.M.) Sydney; 1 (J.9530, Q.M.) Buderim Mts., Q.;

1 (D.8835, N.M.) Sydney, N.S.W.; 2 (M.C.Z.1936) Australia (Gottingen Mus.), 1885;

1 (M.C.Z.3604) Maroubra Swamps, Sydney, N.S.W. (Australian Mus.), 1914. Botany
to Narrabeen, near Sydney, N.S.W. "Common about the swamps near the coast", vide
Fletcher (1889: 385).

Variation.—Irregular wartiness is always present, distinct and characteristic,

although the skin usually slips after long preservation and then the warts tend to

disappear and the skin to appear smooth. The warts are rarely confluent, but they may
be roughly arranged in longitudinal lines. Seven of the 15 Sydney frogs are extremely
warty, but they are matched by the two R.12316 specimens from the Far North Coast.

The vomerine elevations have always much the same relative position to the choanae,
but are often not so strongly developed as in R.4207 and are generally distinctly

separated. Proportions of the head, remain much the same, and the snout is always
acuminate. The dorsal colour is usually light or olive brown but may occasionally be
grey. The blackish markings vary from a moderate punctulation to a near suppression
of the ground colour. The large black patch between the eyelids, which nearly always
joins them, is invariably present. Black cross-barring of the hindlimbs may be very
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pronounced. Large whitish spots on brown behind the thighs are characteristic. In

J.9530 from Queensland the head is rather longer than usual, its length/width proportion

being 1-27 against 1-10 for R.4207. It is also somewhat slimmer although the proportions

of the limbs are nearly identical. The interorbital width is 1-5 times that of an upper

eyelid instead of equal. The back has a few, isolated, fairly large, low warts especially

towards the sides and the eyelids are very warty. The vomerine elevations differ in

being well separated, more rounded, and much smaller, being totally contained between

lines joining the anterior margins and the centres of the choanae. The tongue is

elongated and markedly narrower than the mouth.

Discussion.—This is probably the rarest and most restricted in range of the four

species of the lesueurii complex. It is fairly distinctive and unlikely to be often

confused with other species. Tschudi's original description (1838: 36, 77) in both

Latin and German, although short, is reasonably diagnostic with its "Litoria Freycineti:

tiefbraun auf hellbraunem Grunde, die Schenkel aber weiss gefieckt". Dumeril and

Bibron, who had at least one specimen from Port Jackson, noted that the fingers were

united by a rudiment of web, and Keferstein (1868a: 355) also mentions a small web

between the inner fingers. Keferstein both here and later (1868&: 276) probably

includes latopalmata which had only just been described. Boulenger's excellent descrip-

tion (1882: 414) is closely followed by Nieden (1923: 234). Fletcher (see synonymy)

refers to this species about 10 times in discussing breeding and other habits and

distribution.
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NOTES ON THE SKULL AND CEPHALIC MUSCLES OF THE AMPHISBAENIA.

By H. Leighton Kesteven, D.Sc, M.D.

(Fourteen Text-figures.)

[Read 27th March, 1957.]

Synopsis.

A composite description of the Amphisbaenian skull, based on several species, is presented

and is believed to present the salient features of the skull of the whole group. It is pointed

out that in many respects the skull presents features which may be the result of specialization

but which also resemble features of primitive reptiles and, in certain of those features, very
strikingly those of the skull of the Embolomerous amphibian skull. This leads the author to

the conclusion that they are truly primitive rather than specialized.

The cephalic muscles are described. These depart from other reptilian types of musculature
and, taken together with the peculiar features of the skull, are deemed to justify the recognition

of the "Amphisbaenia" as a full order of the reptiles.

Mateeial.

(1) Amphisbaena caeca Cuvier. One specimen. The skull was dissected clean and

after study was embedded in paraffin and cut into a series of coronal sections SQ/u. thick.

(2) Amphisbaena rhondoenensis Loveridge. One specimen, embedded in paraflSn

and cut into a series of coronal sections 20/i thick.

(3) Amphisbaena cubana Peters. One specimen, embedded in nitrocellulose and cut

in coronal plane into a series of sections 100/u, thick.

(4) Amphisbaena sp. One specimen dissected under the Greenough dissecting

microscope.

My grateful thanks are tendered to Mr. A. Loveridge, of the Museum of Comparative
Zoology at Harvard College, for the first three of these, and to the late Professor

W. E. Agar for the last. Unfortunately I have been unable to have this last specimen
specifically identified. It was the only one sufficiently large to permit of direct

dissection.

It is believed that the descriptions which follow are, in all features, correct for the

genus as a whole. All four specimens have contributed to the pictures obtained.

The Skull.

As the description proceeds it will be found that the Amphisbaenian skull presents

several primitive features. At the outset attention may be drawn to the platybasic

character of the cranial fioor, and the complete absence of an intorbital septum. It is

also noteworthy that the cranial cavity is complete and enclosed by true craniomural

bones. Both these characters resemble amphibian conditions more closely than reptilian.

The general contours of the skull and the sutures between most of the bones are

clearly shown in Text-figures 1, 2 and 3.

The basisphenoid presents a relatively extensive quadrilateral area on the floor of

the cranial cavity. The pituitary fossa is a quite definite but shallow depression, defined

in front by two converging low ridges. The foramina for the internal carotid artery

lie on either side of the fossa. Posteromedially the basisphenoid sutures with the basi-

occipital and posterolaterally with the basal element of the otic capsule.* This suture

runs forward and laterally from the outer end of the suture with the basioccipital,

and ends on the posterior boundary of the prootic foramen.

* It has not been possible to determine the limits of the component bones of the otic

capsule. According to Zangerl (1944), Von Bedriaga identified prootic opisthotic and epiotic

bones. It is probable that the basal otic bone present in my specimens is the fused opisthotic

and prootic bones, but no sutures are to be found.

Peoceedings of the Linnean Society of New South Wales, Vol. Ixxxii, Part 1, 1957.
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The prootic foramen is confluent with the sphenoptic, and their ventromedian

boundary is provided by the lateral margin of the basisphenoid except for a short

length at the anterior end, which is provided by the lateral margin of the presphenoid.

Viewed from below, the basisphenoid recalls that of certain of the Chelonia and

Cotylosauria and in the complete absence of a basipterygoid process is very unlike the

typical Lacertilian form. It is a remarkably extensive bone, triangular in outline, with

the long apex of the triangle extending forward below the presphenoid, to meet the

Qu.

Otc.

P-Bph. P^

Na.

Text-figs. 1-3.

—

Amj}Msbaenia. (sp

Pinx,

(Explanation of lettering, see p. 116.) 1, Skull from

above with roof of cranial cavity removed. 2, Ventral view. 3, Lateral view.

palatine bones. Seen from below, the sutures with the basioccipital and with the

basal otic bone are visible. In front of this last, the basisphenoid sutures with the

pterygoid bones on each side along their full length. The relation of the presphenoid

to the basisphenoid bone at the anterior, sphenoptic, end of the foramen prooticum is

shown in Text-figure 4. In this location the presphenoid is wider than the basisphenoid

and overlaps it on both sides. A little further back they become equal in width. The
presphenoid rapidly becomes thinner and ends abruptly in a transverse suture. At the

posterior end of the prootic forainen the lateral edge of the basisphenoid presents, on

each side, a spur which nearly meets the prootic, and a lower spur which meets the

posterior end of the pterygoid bone (Text-fig. 4). Just a little further back the upper

spur sutures with the prootic.

The Presphenoid is a qu-adrilateral bone lying in the floor of the cranial cavity

between the basiphenoid bone behind and the two ethmoid bones in front. It sutures

with the descending lamina of the parietal on each side. Inferiorly it is sutured to the
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upper surface of the basiphenoid medially, and on each side of this it is exposed in the

roof of the temporal fossa, as seen in Text-figure 6.

The paired Ethmoid bones each present a triangular lamina forming the floor of

the cranial cavity in front of the presphenoid bone and above the palatine bones.

Anteriorly they diverge leaving a hiatus, the sphenoid fissure, through which the

olfactory peduncles reach the back of the nasal cavity. These two bones extend up the

side wall of the cranial cavity a short distance, and suture with the inferior edges of

the parietal bones and further forward meet the descending lamina of the frontal for a

very short distance (Text-figure 7).

The Pterygoid bone recalls that of certain Chelonia, Cotylosauria and the

Embolomerous Amphibia. It is a broad bone, slightly curved on the flat with the

convexity above. Its inner margin sutures throughout its length with the lower edge

of the lateral margin of the basisphenoid. The posterior end of the bone sutures with

^ffW B.sph. ^^^L

\, /

Text-figs. 4-9. Amijliishaenia cuhana. Transverse sections of tlie sliull.

the prootic, and the posterior end of the outer edge of the bone sutures with infero-

median border of the quadrate. In front of this the lateral margin of the bone is free.

Anteriorly the bone sutures with the palatine medially, and its extreme anterolateral

tip with the ectopterygoid.

The Palatine bones are relatively extensive, but they do not contribute to the

formation of the true palate. They form the roof and both median and lateral Avails

of the post-narial passage (Text-fig. 7), and extend back on the false palate to suture

with the anterior end of the pterygoid bones. Actually the palatine bones extend back a

short distance on the dorsal surface of the pterygoid bones (see Text-fig. 5). The median
vertical laminae of the palatines are sutured to the prevomers. Text-flgure 7 shows

the posterior splint-like ends of those bones. Further forward the descending lamina

of the palatine gives place gradually to an ascending lamina of the corresponding

prevomer. Laterally the palatines are sutured to palatine process of the maxilla and,

behind this, with the ectopterygoid. Dorsally the palatine bones are sutured to the

ethmoid bones in front, and behind that bone their diverging median edges are sutured

for a very short distance to the ventral surface of the presphenoid and laterally to these

contacts the rest of the dorsal surface is free and forms the floor of the temporal fossa

and of the orbit.

The Ectopterygoid is a little squame of bone wedged in between the pterygoid

behind the palatine medially, the maxilla in front and a corner of the prefrontal above it.
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The Pi-efrontal is a triangular squame which bounds the orbital portion of the

temporal fossa anteriorly. It sutures with the frontal and the maxilla and a very short

length of the upper margin of the ectopterygoid.

The Parietal is a very extensive bone. It provides the side walls of the greater part

of the cranial cavity. Posteriorly it sutures with the supraoccipital and posterolaterally

with the otic bones. At the inferior end of this contact the bone forms the upper half

of the posterior boundary of the prootic foramen and its inferior edge forms the upper

boundary of this and the sphenoptic foramen which is confluent with it. The anterior

boundary of the confluent foramina is also formed by the inferior edge of the parietal.

In the inferior part of this boundary the parietal sutures with the presphenoid and, in

front of that bone, with the ethmoid for a short distance. Anteriorly, across the dorsum
of the skull, it sutures with the frontal.

Skin

Text-figs. 10-14. Amphishaenia ctihana.

10, 11, 12, The muscles, ventral view, dissected at different levels on opposite sides.

13, Submentalis muscle, in cross section, of the head. 14, Intermandibularis muscle, in cross

section, of the head.

The Maxilla presents a palatine lamina which is sutured to the descending lamina

of the palatine, to the posterior margin of the palatine lamina of the premaxilla and to

the palatine lamina of the prevomer. The lateral, ascending body, of the bone sutures

with the lachrymal behind and the nasal in front. Its anterior margin is sutured to the

posterior margin of the premaxilla.

The Premaxilla, in the palate, meets the palatine laminae of the prevomer and the

maxillae; its anterior margin is sutured to the large nasal bones above it.

The nasal bones are peculiar in that; in most forms, they extend beyond the

premaxillae anteriorly and overhang the anterior nares which are to be seen in a ventral

view separated by ascending pieces of the premaxillae.

The Prevomers are broad in front, where they suture with the premaxillae anteriorly,

the palatine lamina of the maxilla laterally, and with each other medially. The suture

between the two bones is interrupted by a narrow gap but they meet again behind
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the gap. As the bones extend back on each side of the gap they taper towards the

mid-line and terminate as splints, sutured to one another and to the ventral edge of the

descending internarial lamina of the palatine bones. Above the broader palatine lamina

anteriorly each prevomer has an ascending internarial lamina which is separated from
its fellow by the cartilaginous nasal septum and by the gap just mentioned. The bones

are, however, more complex than appears from a ventral view. Anteriorly they supply

roof, side walls and floor to Jacobsen's organ (Text-fig. 8). Above the broad anterior

palatine lamina the bone extends, from the lateral, visible, margin of that lamina,

above the palatine lamina of the maxilla, mediad and dorsad to reach the nasal septum,

forming the floor of the nasal capsule. At the nasal septum a descending squame is

present. This meets and for a very short distance joins the ascending internarial

squame of the palatine portion of the bone. These two squames are quite short and
soon separate, so that the greater part of the wall between the two Jacobsen's organs is

supplied by the uncovered nasal septum. As one passes forward the cavity of Jacobsen's

organ grows smaller and smaller. In effect this bone supplies all the walls of a cone-

shaped recess in which the anterior end of the organ is lodged (Text-figure 8). Further
back the dorsal laminae are sutured to the upper surface of the palatine process of the

maxilla a little way laterally to its free median margin (Text-fig. 9).

Discussion.

Comparison of the foregoing description with that of Zangerl (I.e.) will reveal

some differences in identification of the elements.

The bone which I have identified as the basisplienoid is regarded by him as a

"basi-parasphenoid", that is, as presenting the basi- and parasphenoid bones fused

together. This identification is based on the belief that the ophidian basicranial bone,

which it so closely resembles, is a composite bone. Unfortunately, several students of

the ossification of the vertebrate chondrocranium have failed to realize in their studies

that the parasphenoid bone is a membrane bone, and they have identified the ventral

table of endochondral bones as parasphenoids. Being, in part, compelled so to do by a

conviction that, because they were studying a reptile, a parasphenoid bone must be

present. In 1940 I carried out an extensive search for a parasphenoid bone in the

saurians. This search involved the study of a wide range of early stages in the develop-

ment of reptilian and avian chondrocrania and their ossification. I was then able to

study early stages in the development of three ophidian skulls, and found no trace of a

membrane bone in these or in any of the other saurians studied. Lately I have had the

opportunity to study four stages in the development of the chondrocranium of Viper and

its early ossification. Here I find that the bone which has been designated parasphenoid

commences by proliferation of the osteogenetic layer of the trabeculae. This proliferation

of the ectbchondral membrane may be seen all around the trabeculae, but is most
advanced on the inner side of each rod. From this situation the osteogenetic tissue

extends toward the mid-line and that from each side ultimately joins its fellow.

Precisely similar conditions are seen in the development of the basisphenoid and
basioccipital bones, where the osteogenetic tissue develops on the median aspect of the

cartilages bounding the basicranial fontanelle. Neither in the presphenoidal,

basisphenoidal nor basioccipital locations is there any trace of a membrane bone being

developed beneath them. Quite definitely the floor of the ophidian cranial cavity is

formed by basioccipital, basisphenoid and presphenoid bones.

In view of the absence of a parasphenoid bone from the base of all other saurian

crania of which the development has been studied, the large triangular bone on the

base of the Amphisbaenian skull must be regarded as the basisphenoid.

The little bone which Zangerl designates element "X" is present on the base of the

largest of my specimens, exactly as he depicts it. I find that it is the anteroventral

and median corner of the otocrane. Actually, it is a much reduced prootic. Sutures with

the rest of the otocrane cannot be found but in the transverse sections of A. cuMna it is

seen rising slightly on the medial, anterior and lateral walls of the otocrane. I have
designated it prootic, in the explanation of Text-figure 2.
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The bone which Zangerl designates orbitosphenoid is that whicli I have designated

sphenoid. Tliis brings us to a marked difference between tlie floor of the cranial cavity

in these sliulls as found by me and as described by him in A. fuUginosa. My descriptions

and drawings were completed before I received Zangerl's work and, after reading it

through, I checked again the findings in this part of the skull but was unable to find

that I had misinterpreted my material in any way. Then I turned again to Zangerl's

descriptions, to find that his transverse sections of A. ewerbecki are almost exactly the

same as my own of A. cubana, but that his interpretations of some of the bones at the

fore end of the skull are different from my own. He has identified that which I believe

to be a dorsal lamina of the vomer as the septomaxilla, and in his sections C and D, that

which I regard as the presphenoid in my material, is designated orbitosphenoid, but it

should be noted that no median suture is shown in his illustration.

The bone which I have designated lachrymal is regarded as the prefrontal by

Zangerl.

Zangerl has drawn attention to the primitive character of the amphisbaenian skull,

at the same time remarking on the peculiar features of specialization. In addition to

the primitive features which he mentions I would draw attention to the complete

absence of a basipterygoid process, and the fundamental resemblance to the skull of the

Embolomerous amphibians, together with the primitive form of the pterygoid bones and

the platybasic character of the skull. If we are correct in our belief that the

Sauramphibia as I have named the Embolomeri, are the stock from which the Sauria

originated, then we must regard as primitive a skull such as this which can be quite

clearly derived directly from the sauramphibian type.

Finally, there is no doubt that Zangerl is quite correct when he states that the

amphisbaenians are "not closely related to either the lizards or the snakes and should

occupy an order by themselves".

Were it not for the fact that some of the apparently primitive features may be

adaptational and not truly primitive, one would be prepared to suggest the designation

"Neosauria" for the group in recognition of their primitive skull characters.

The Cephalic Muscles.

This work is largely based on the dissection of the specifically unidentified large

specimen from Paraguay, presented me by Pi'ofessor Agar. When doubt arose as to the

correctness of the findings, they were checked against the conditions revealed by the

serial sections.

It should be stated at the outset that it was not possible in every instance to

determine the innervation of the muscles. It is, however, believed that the innervation,

implied by the adoption of the nomenclature of my larger work, is in the main correct

(Kesteven, 1942-45).

Immediately beneath the skin there is a sheet of longitudinal muscle fibres which is

attached to the deep surface of the skin at each of the depressions between the rings into

which the skin is folded. Although present all around the body, this sheet of fibres is

thicker and more definite along the sides than along the ventral and dorsal areas and

slightly thicker ventrally than dorsally. Behind that which may be regarded as the

neck region this "platysma" is quite free from the deeper muscles. A short distance

behind the head, ventrally and laterally, the sheet becomes blended with the deeper

muscles, so that it is not possible to define their respective boundaries. Dorsally the

skin-muscle sheet fades out a short distance behind the skull, but remains quite distinct

from the deeper muscles and is continued forward by a band of fascia which is attached

to the dorsum of the skull in front of the origin of the most superficial of the longitudinal

dorsal muscles. Laterally and ventrally in the anterior part of the neck the platysma

is replaced functionally by the muscle-identified as the Csv.2, with which it becomes fused

and which is attached to the skin rings. Actually the platysma and the Csv.2 are not in

the same plane; the latter is continued back deep to the former. The fasciculi of the

superficial muscle terminate anteriorly by becoming attached to the most superficial

fibres of the deeper muscle, and this takes place over a short length of the full width
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of the deeper muscle. The first quarter of the length of the Csv.2 Is in front of the area

of junction, the second quarter is the area over which the attachment is effected. The
posterior half of the length of the Csv.2 lies deep to the skin muscle, and their

contiguous surfaces are quite smooth when separated.

The most superficially placed muscle immediately behind the angle of the jaw is a

narrow triangular sheet, the depressor mandibulae pars notognathica. It arises from

the ventral margin of the fascia which attaches the skin-muscle to the skull and also, in

its median fasciculi, from the skin muscle. It is inserted into the median margin of

the mandible from the centre of its length back almost to the posterior end.

The depressor mandibulae pars cephalognathica is a short rounded bundle of fibres

which arise from the skull just above and behind the posterodorsal end of the quadrate.

From this origin it passes down, in contact with the lateral and ventral surface of the

quadrate, to be inserted into the mandible below and behind the joint.

In front of the insertion of the pars notognathica a short stout tendon is attached

to the ventral margin of the mandible, a short distance from the symphysis and ventrally

to the origin of the submentalis (Csv.lc). This tendon provides the insertion of two

muscles which it is not possible to identify with confidence and they have been

provisionally designated Mandibulo-thyro abdominis and Geniohyoideus.

The fasciculi of the Mandibulo-thyro abdominis arise from the fascia dorsalis deep

to and at a higher level than the pars notognathica, and swing mediad and ventrad to

the tendon of insertion. There is also a narrow strand of fasciculi of this muscle which

arises far back from the anterior end of the panniculus abdominis and runs forward to

the tendon of insertion, close to the mid-line, but not actually in contact with the

median edge of its antimere.

The Geniohyoideus lies, in part, upon the upper surface of the last muscle but

extends posteriad beyond it and then comes to lie directly upon the upper surface

of the panniculus. The origin is from the fascia dorsalis along the same line as the

last muscle but extending twice as far back. This muscle also has a separate strip of

fibres alongside to mid-line. They arise from the fascia surrounding the ventral trunk

muscles beside the trachea.

Removal of these last two muscles exposes the Trapezius, a thin triangular sheet of

diverging fibres which arise from the posterosuperior corner of the otic capsule,

immediately behind the origin of the pars cephalognathica of the depressor mandibulae.

From this point the fasciculi radiate forward and medially, medially, and backward and
medially, to be inserted into the fascia beside the trachea.

When the trapezius is removed two other muscles are exposed. The first of these is

the Mylohyoideus, which arises from the mandible dorsally to the pars notognathica,

and its fasciculi pass directly caudad to be inserted into the thyroid cartilage.

The Thyrohyoideus arises from the thyroid and is inserted into the hyoid cartilage

directly behind.

The abdomino-hyoideus is inserted into the other side of the hyoid cartilage.

The muscles of the tongue could not be satisfactorily worked out.

It has not been possible to determine the exact relation of all the muscles of the

mandibular segment.

The Submentalis, Csv.la, is a very small but quite clearly delimited bundle of fibres

which arise on each side from the ventral edge of the jaw just behind the symphysis

and below the point of origin of the genioglossus; they are joined together by a very

short median tendon.

The Intermandibularis, Csv.l&, is very little broader than the last and is separated

from it by a small, but definite, interval. Rising further back, it is longer and its

fasciculi are united by a median raphe. The muscle lies below the origin of the

mylohyoid.

A well-developed Temporomasseteric muscle is present. It arises from the surface

of the parietal and supraoccipital bones and is inserted along the upper edge of the

coronoid process of the mandible.
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The Pterygoid muscle arises from the side wall of the skull below and in front of

the temporomasseteric and is inserted into the inner surface of the mandible. It was

not possible to determine separate portions of this muscle.

Review.

An attempt to compare the muscles of the Amphisbaenians reveals at once that they

are quite different from any other reptilian condition. Although, as was to be expected,

nearly all the muscles present in the heads and necks of other saurians are recognizable,

their arrangement, except for the Csv.la and 1&, is very different. How much of this

divergence from the reptilian pattern is due to adaptation and how much to primitive

form it is quite impossible to state with any confidence.

The most that can be said is that they do not show, in their cephalic musculature,

close relationship either to the Lacertilia or, as might, perhaps, have been expected, to

the Ophidia. We conclude again that they should be recognized as an Order of reptiles

distinct from, not only the Lacertilia with which they have been classed in the past, but

from all other Orders of the Reptilia.

For the present we would do well to designate them the Amphisbaenia.
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Explanation of the lettering on the figures.

A.hy.. abdoniino-hyoideus ; Ang., angular; Art., articular; B.oc, basiocclpital ; B.sph.,

basisphenoid ; Cor., coronoid process; Csv.la, submentalis ; Csv.lb, intermandibularis ; D.vi.p.c,

depressor inandibularis pars cephalognathica ; D.m.p.n., depressor mandibulae pars notognathica ;

Dent., dentary ; Ecpt., ectopterygoid ; Eoc, exoccipital ; Eth., ethmoid, Fr., frontal ; F.pr.ot.,

foramen prooticum ; F.sph., foramen sphenopticum ; G.gl., genloglossus ; G.hy., geniohyoideus

;

I.n.s., internasal septum; J., Jacobsen's organ; La., lachrymal; M.t.a., mandibulo-thyro-
abdominis ; Mx., maxilla ; M.hy., mylo-hyoideus ; Na., nasal ; Na.cav., nasal cavity ; Na.m,u.,

nasal mucosa ; Otc., otocrane ; Pal., palatine ; Par., parotic ; Pmx., premaxilla ; Pr.ot., prootic

;

Pre.sph., presphenoid ; Pt., pterygoid; Qu., quadrate; Siib.c.t., subcutaneous tissue; T.hy., thyro-
hyoideus ; Tr., ti'apezius ; Vo. and Pr.vo., prevomer.
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ON THE DEVELOPMENT OF THE CROCODILIAN SKULL.

By H. Lbighton Kesteven, D.Sc, M.D.

(Plate i; eight Text-figures.)

[Read 27th March, 1957.]

Synopsis.

A description of an early, nearly complete, chondrocraniuni is presented and attention

drawn to the absence of a basitrabecular process.

Various features of the bony skull, just prior to its hatching, are described in detail. The
relation of the conjoined pterygoid bone to the pituitary gland and fontanelle is found to be
precisely that of the parasphenoid bone in the Lower Vertebratar and this is regarded as very
strong evidence in support of the author's belief that the pterygoid bones of the Higher
Vertebrata are homologous with the parasphenoid bone of the Lower Vertebrata.

My contribution on the "Ossification of tlie Saurian Chondrocraniuni and a Search

for the Parasphenoid" (1940) was an advance by-product of tlie larger work on the

"Evolution of the Skull and the Cephalic Muscles in the Vertebrata" (1942-1945). Both
these contributions to comparative embryology omitted any reference to the early

chondrocranium of the Crocodile; at that time nothing was known about it.

Soon after the end of World War Two I seized an opportunity to reside at Cooktown,

in North Queensland, hoping that I might obtain material which would enable me to

study the development of the Crocodile chondrocranium for myself and make good the

omission. My hopes were realized only in part. Grocodilus porosus, though by no means
rare, is not common in that part of the Avorld. On the other hand its nests of eggs,

located in the midst of the mangrove swamps, are very hard to find. Although I offered

quite good money for the eggs I was not able to buy a single one. Mr. Rene Henri, a

"sportsman" Crocodile shooter, obtained for me eggs from which I got two early-stage

specimens, and Dr. Hugo Flecker of Cairns sent me a number of eggs just on the point

of hatching out. To both these gentlemen my very sincere thanks are tendered.

Work was begun on the material six years ago, but, still hoping for other stages of

development, it has remained unfinished until now. As a matter of fact it is still

unfinished. The original intention was to describe the development of the chondro-

cranium. All I am able to do is describe one early stage. This, however, is so much
earlier than any as yet described that it is deemed to be suificiently interesting to justify

publication.

Material.

Two specimens with a head length of ten millimetres were obtained in a good state

of preservation. They were fixed in Bouin's picro-formol solution, stained with iron

haematoxylin in bulk, embedded in paraffin and cut into 20fi sections. After mounting

they were counterstained w^ith picro-fuchsin. One was cut along the sagittal plane, the

other transversely in the coronal plane. From the latter set, a model of the chondro-

cranium was made by wax-plate serial-section reconstruction. After the model was made
it was photographed; the photos, enlarged, provided outlines which were the basis of the

illustrations.

The general shape and proportions are well shown in the figures. Perhaps the most

outstanding feature is the sharp angle between the longitudinal axes of the trabecular

and parachordal portions. Herein the resemblance is to Sphenodon, the Chelonians, and

the birds; on the other hand it differs in this respect from Lacertilia, Ophidia and all

the Lower Vertebrata.

Proceemngs of the Linnean Society of New South Wales, Vol. Ixxxii, Part 1, 1957.
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The angle in question has been reduced by, approximately, one-half at the 13 mm.
stage illustrated by Shiino (1914) at which stage the angle, between the two portions of

the adult, has almost been attained.

At the time of hatching the head length is 120 millimetres. This ten-millimetre

head is, then, only one-twelfth of that length; its relatively advanced degree of develop-

ment is, therefore, rather surprising.

Anteriorly the trabeculae are united to form a relatively solid trabecular communis;

behind their confluence they are little less solid, and carry extensive intorbital cartilages.

The location of the union of the trabeculae, both anteriorly and posteriorly, may be seen

in Text-figures 2 and 5. The former of these is an illustration of the chondrocranium

cut in two along the mid-sagittal plane, and viewed from the cut side. This drawing

also shows the location of the notochord, enclosed in the completely fused parachordal

cartilages.

Returning now to the trabecular communis: Its shape will be gathered from Text-

figures 1, 2 and 5 and the sections 1 to 9 drawn in Text-figure 6. The extreme tip is oval

in outline, but quite a short distance back the commencement of the roof of the future

nasal capsule is found, in the form of a short spur on each side of the upper edge.

Almost at once this is extended and bent ventrally to form the roof and lateral wall, and

at the same place a short flange is formed on each side of the ventral edge. This is the

commencement of the floor of that capsule. Immediately behind the capsule there is a

return to the shape just in front of it, but with the upper edge at a lower level. The

olfactory nerves pass forward along this groove to enter the capsules. Continuing

backward, the spurs increase in height, and the common trabecular rod is reduced in

height. The plate of cartilage on each side is the intorbital septum which, throughout

its length, is double. As may be seen in the figures, the trabeculae are separated beneath

the intorbital fenestra and diverge as they extend posteriad, but reunite in a solid piece

of cartilage a short distance in front of the anterior tip of the notochord. This posterior

united trabecula plate has the pila antotica attached to each side. The pila is, already,

very extensive and were more descriptively designated alisphenoid lamina. Between

the anterior margin of tlie pila antotica and the posterior margin of the hinder part of

the supraseptal lamina there is a short rod of cartilage which is not attached to the

rest of the chondrocranium at all. Doubtless, at a later stage of the development, it

becomes incorporated in the side wall of the cranial cavity by fusion with the cartilages

in front of and behind it.

The planum supraseptale is relatively high anteriorly, but is reduced in height

behind the intorbital fenestra. This lower portion of the lamina is perforated by two

fenestrae behind the intorbital fenestra. To attempt to forecast the fate of these two

smaller fenestrae would be pure guesswoi-k. Comparison of the ten-millimetre chondro-

cranium with that of the thirteen-millimetre stage shows that there has been a relative

reduction in antero-posterior length and an actual increase in the height of the region

between the otic and nasal capsules, and a very much more extensive fenestration of

the planum supraseptale.

The parachordal portion of the chondrocranium is a solid plate of cartilage whose
shape is shown in the view from behind in Text-figure 4. Anteriorly it is fused with

the conjoint trabecular cartilage at the posterior boundary of the pituitary fossa. On
either side, at this point of union is the fissura prootica which, at a later stage, is

converted into a fenestra prootica by the union of the posterior margin of the alisphenoid

lamina with the anterior surface of the otic capsule. On the posterior wall of the

prootic fissure, the foramen for the palatine branch of the facial nerve perforates the

anterior wall of the otic capsule just above the floor of the anterior craniootic

commissure.

The anterior commissure is the only area of attachment of the otic capsule to the

rest of the chondrocranium. It is quite a solid cartilage and passes insensibly into the

lateral and anterior walls of the capsule.
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The otic capsule itself is as yet very imperfect, and is represented by a number of

separate pieces of cartilage connected by procartilage. In the reconstruction the pro-

cartilage has been included. As thus reconstructed it presents nearly complete anterior

and lateral walls and roof. In Text-figure 4 the roof has been removed on the right side

to expose the shape of the capsule at this incomplete stage. Attached to the anterior

Text-figs. 1-6. Ten-millimetre Cliondrocranium. 1, Lateral view ; 2, Medial view of one

half; 3, Lateral view with mandibular skeleton in place; 4, Rear view of parachordal part and
otocrane ; 5, View from above of trabecular part; 6, A series of sections across the trabecular

part.

Text-fig. 7. A ventral view of the skull of an embryo just before liatehing-.

Text-fig. 8. Semischematic sagittal section of the base of the skull, just to one side of the

mid-line.

Explanation of lettering on the figures.

Ali., Alisphenoid ; Art., Internal carotid artery; B.oc, Basioccipital ; B.sph., Basisphenoid

;

Cs.j Cut surfaces ; Ca., Foramen for carotid artery ; Cav., Air cavity ; Con., Condyle ; E.oc,
Exoccipital ; Fon., Pituitary fontanelle ; Foss.g., Gasserian fossa ; Nch., Notochord ; Nv.ii,

Palatine nerve; O.ot., Opisthotic ; P. at., Prootic ; P.spU., Presphenoid ; Pit., Pitviitary fossa;

Pit.g., Pituitary gland ; Pt., Pterygoid bone ; Qu., Quadrate ; Sty., Stylohyal ; V.G., Gasserian
ganglion.
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wall, at Its lateral margin, there is a rod of cartilage with an expanded base which

extends forward outside the alisphenoid cartilage. Later in development this fuses with

the capsule completely and with the outer face of the alisphenoid cartilage and probably

contributes to the formation of the tympanic cavity. The posterior wall of the capsule

is, at this stage, only foreshadowed by a small dorsal portion. Behind the anterior

commissure there is no connection between the capsule and the floor of the chondro-

cranium, so that there is an extensive hiatus between the two on both sides. All the

cranial nerves behind the eighth leave the cranial cavity through this hiatus; no

separate foramina are to be found.

The future occipital arch is indicated by two short stout spurs of cartilage which

stand up from the parachordal base, on each side of the future condylar portion.

Just at the point of union of the trabecular and parachordal portions of the chondro-

cranium there is a notch on the inferior surface of the basis cranii. In the 13 mm. stage

(Shiino) a spur is attached to the anterior, trabecular edge of this notch, on each side.

In the 10 mm. stage this spur is present as a detached pellicle of cartilage on each side

just behind the notch. De Beer (1937, p. 264) designates this infrapolar process the

basipterygoid process, also recognizing that it is the infrapolar process and homologous

with that cartilage in the Birds. I find that in the Crocodile, both in this early

chondrocranium and in the adult, the palatine branch of the facial nerve and the accom-

panying internal carotid artery run forward dorsally to the infrapolar process just as in

the birds. The infrapolar process is not homologous with the basipterygoid process

(Kesteven, 1942, p. 217). It follows that there is no basipterygoid process on the

chondrocranium of the Crocodile. This confirms a statement made in a previous

communication (Kesteven, 1941, p. 294) and is further evidence that the basipterygoid

process is not a fundamental basicranial structure but is simply a mechanical strut

developed in those few reptiles in which the separation of the pterygoid bones has

necessitated a special strengthening of the upper jaw arch.

The Visceral Arch Skeleton (Text-fig. 3). The quadrate cartilage is a relatively

thick flat bar with tapered upper and lower ends. A short cylindrical pterygoid cartilage

is attached to the middle of its anterior border, whilst Meckel's cartilage is attached to

its inferior extremity. This latter is a rounded rod, slightly curved ventrad in its

anterior third, and terminating below the posterior end of the nasal capsule, by bending

mediad and ventrad to meet its fellow of the other side. These medially bent portions are

thinner than the rest of the rod. Immediately behind the attachment of Meckel's

cartilage the stylohyal is also attached to the ventral tip of the quadrate. The stylohyal

is bent back, to terminate between two of the cartilage nodules of the ventral wall of the

otic capsule, but neither it nor any other part of the visceral skeleton is actually

attached to the rest of the chondrocranium. At this stage of the development there is

as yet no trace of the future processes of attachment of the quadrate.

Concluding this description of the chondrocranium, one cannot but again remark on

its striking resemblance to the avian chondrocranium at a similar stage of development;

it is difiicult to believe that this similarity is not due to a common ancestry. Granting

that community of origin, the question then arises: Is the platybasic character of the

Lacertilian and Ophidian chondrocrania due to a more direct descent from a platybasic

amphibian ancestor, or is it just part of the peculiar specialization of these two

reptilian groups?

The Skull at the Time op Hatching.

Most of the bones present, in miniature, the form and extent of the bones in the

adult skull. This al)plies more particularly to the membrane bones.

Unfortunately the material does not permit a study of the early stages of ossification.

On the other hand actual dissections of the little heads have been possible, and these,

with the sections, coronal and 'sagittal, in which all the sutures between the bones of

the floor, walls and roof of the skull are quite clear and easily seen, have established

quite definitely the limit of each and every bone.
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The floor of the cranial cavity is formed by the basioccipital, basisphenoid and

presphenoid, all three showing a large amount of cartilage more or less surrounded by

the early bones. The basioccipital shows very little cartilage, the basisphenoid rather

more, whilst the anterior part of the presphenoid is still entirely cartilaginous.

The cranial floor is complete; tliere is no basicranial fontanelle. The suture between

the basioccipital and the basisphenoid is a simple edge-to-edge union without any over-

lapping of either bone. That portion of the presphenoid which is developed from the

conjoined trabeculae, immediately behind the pituitary fontanelle, is as nearly com-

pletely ossified as the two bones behind it, and it has extended to form a squamous

suture underlying much of the basisphenoid. In this part it is excavated to form the

posterior end of the roof, side walls and floor of the pituitary fossa. In front of this a

veritable pituitary fontanelle is still present, without a floor other than that provided

by a small area of the dorsal surface of the pterygoid bones. In this location the

trabeculae are separated and covered by bony tissue only along the ventral and lateral

edges. As one proceeds forward through the sections the bony tissue grows less and

less, and finally peters out, exactly as was found in tlie ossification of rostrum sphenoidei

in Melopsittacus (Kesteven, 1942). The pituitary fontanelle is not extensive, tlie

trabeculae reunite in front of it; their thiclvness then becomes reduced, but their height

is rapidly and markedly increased, to produce a cartilaginous intorbital septum a great

deal higher than might have been expected from conditions in both the ten and thirteen

millimetre chondrocrania.

It appears highly probable that the presphenoid bone develops from three separate

centres of ossification. Shiino found thi^ee tiny bony pellicles in the region of its

posterior portion. De Beer identifies the central pellicle as the vomer and the two lateral

pieces he designates basitemporals, regarding the three as together representing the

parasphenoid. Shiino failed to find any presphenoid ossification. There can be no doubt

that these three pellicles have fused to form the presphenoid and, in view of the fact

that already their fusion is so complete that no trace of the lines of fusion is to be

found, it would be unreasonable to regard them as other than three centres of ossification

of the bone. The identification of the three little centres of ossification as the

parasphenoid was probably dictated by a conviction that, because this is a reptile, a

parasphenoid must be present.

However, the fact is that there is no parasphenoid present in the make-up of the

Crocodilian skull, that is, of course, other than its homologous representative, the

paired pterygoids.

Before leaving this question it may be remarked, in conclusion, that in view of the

fact that the limits of, and sutures between, all the other bones in the skull are quite

clearly defined, there can be no reason to suppose that there has been a suppression of

sutures in the composition of the presphenoid.

Text-figure 7 is an illustration of the base of the skull with the pterygoid bones

removed, and Text-figure 8 is a semidiagrammatic drawing of a sagittal section just to

one side of the central line. These two show the relation of the bones to one another

quite clearly.

The pterygoid bones present almost the full adult development, and as the adult

bone has been described in detail (Kesteven, 1919) there is no need to describe the early

bone in similar detail.

A rather surprising feature of the bones at this early stage is the nearly complete

fusion of the two along the mid-line below the base of the cranium. It will be remem-

bered that in the adult there is no trace of the suture between the two, except that

between their palatine laminae. At time of hatching the two bones are already joined

together along the mid-line against the cranial base, but the evanescent suture is still

clearly visible. There is, however, no soft tissue between their contiguous edges as

there is between other membrane bones at this stage of their development.

One very naturally asks oneself: Is this very early union a partial throw-back to the

ancestral parasphenoidal condition? This question appears to be answered in the
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aflSrmative, when it is found that the joined bones supply the only floor to the anterioi-

portion of the pituitary fontanelle at this stage and, in that relation, constitute a

veritable parasphenoid having all the relations of the parasphenoid, and arising (in

membrane) in the same way, except that they develop from two separated centres,

whereas the parasphenoid of the Lower Vertebrata arises from one single centre or from

a multiplicity of centres scattered through the precursory membranous area.

As development proceeds presphenoidal ossification extends across the floor of the

fontanelle to the ultimate exclusion of the pterygoid bones from that floor, but the fact

remains that, at the time of hatching, and for a short time before it and thereafter, the

conjoined pterygoid bones constituted a very true parasphenoid bone. When it is

remembered that there is no median parasphenoid bone on the base of any adult or late

embryonic saurian cranium, the condition in the Crocodile is very strong evidence in

support of the view that there is no median parasphenoid because that bone has been

divided into the two halves which we have designated pterygoid bones.

It is a fact that. certain evanescent squames of bone related to the ventral surface

of the cartilaginous basis cranii have been identified as parasphenoidal ossifications. In

every case, however, these tiny squames of bone have become completely fused with the

basicranial cartilage bones so that they are quite unrecognizable in late embryos. In

view of their early and complete fusion with those other bones, it is probable that

further study of more complete series will reveal that they are in reality only early

ventral squames of perichondral ossification and not membrane-born squames at all, as

they should be if they were parasphenoidal.

Plate i is a microphotograph of a coronal section through the skull of an embryo
taken from the egg just before hatching. It shows the pituitary gland resting directly

on the upper surface of the conjoined pterygoid bones. It also shows the internal

carotid artery surrounded by the trabecular cartilage with the early ossification partly

enclosing the cartilage. Other structures of interest are appropriately marked.

De Beer, whose work was based on that of Shiino, stated: "As the internal carotid

artery and palatine nerve run ventrally to the basisphenoid but dorsally to the

basitemporals a parabasal canal is left between the fused bones on each side, for their

passage."

I find that in the ten-millimetre chondrocranium the internal carotid artery on each

side turns mediad a short distance posterior to the pituitary fontanelle and enters the

basal plate below the anterior otic commissure. Continuing mediad and forward,

through the cartilage, it emerges through the posterior wall of the fontanelle, between
the trabecular cartilages. From the point of entry into the cartilage to its point of

emergence it is entirely surrounded by cartilage.

In the skull just before hatching, this artery is found to enter the basisphenoid

from below and towards the lateral edge about one-third posterior to the anterior margin
of the bone. It lies at once in a tube of bone which is attached to the roof of an extensive

air cavity in the body of the bone. Continuing forward in this tube, it enters the

presphenoid bone and appears beside the pituitary gland on either side of the fontanelle,

imbedded in trabecular cartilage but with a sheath of bony tissue on the lateral and
ventral surfaces of the cartilages. In Plate i, the artery is seen on both sides of the

gland, and on the left side the vessel is cut just one section ahead of where it breaks
free into the cranial cavity. Beyond doubt, no part of this parabasal canal is formed by
any bone other than the basisphenoid and the presphenoid. The floor of the air cavity

below the tube containing the vessel as it passes through the basisphenoid is quite

definitely an ectochondral formation and not a basitemporal arising in membrane.
Turning now to the palatine branch of the facial nerve: In the ten-millimetre

chondrocranium the geniculate ganglion lies above the anterior oticocranial commissure
in the fore part of the future otic capsule. The main part of the nerve runs dorsad and
slightly posteriad around the lower margin of the anterior wall, as yet incomplete, of

the capsule. The palatine branch runs forward and perforates the anterior wall just

above the junction with the commissure. Having perforated the wall, it comes to lie
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below and to the inner side of the gasseinan ganglion, which lies here, in the prootic

fissure. From here the palatine nerve runs forward below the profundus nerve.

In the skull of the embryo on the point of hatching the geniculate ganglion lies in a

recess in the fore part of the prootic bone, the hyomandibular branch passes dorsad,

perforates the prootic and reaches the tympanic cavity. The palatine nerve perforates

the anterior wall of the prootic bone and reaches the gasserian fossa (Fissura prootica).

It is found below and to the inner side of the ganglion, and runs forward from here,

below the profundus nerve, along the groove on the outer side of the alisphenoid bone

which at a later stage becomes converted into a canal through the bone by further

thickening of the alisphenoid on its outer surface (see Text-figures 2 and 7).

At no part of its course does the palatine nerve lie in a parabasal canal, and it passes

forward through the alisphenoid, not laterally to it.

The Alisphenoid bone.—At the time of hatching this bone presents most of the

features of the adult bone. It is situated anteriorly and laterally to the gasserian

ganglion, but the branches of the fifth nerve turn laterad, the second and third branches

passing ventrad behind it, the first forward in a deep groove on its outer surface.

This bone was for long designated by all workers the alisphenoid. In 1913 Gregory,

believing it to be developed from the epipterygoid process of the quadrate, deemed it to

be homologous with the expanded bone believed to be developed from that process in

certain Cynodonts, both the Crocodilian and the Cynodont bones being deemed to be

homologous with the Mammalian alisphenoid, but not with the alisphenoid of the Lower
Vertebrata. This was in conformity with Gaupp's contention that the Mammalian
alisphenoid was developed from the basipterygoid process and epipterygoid of the

Lacertilia (Gaupp, 1902). When later it was pointed out that the alisphenoid of the

Crocodile is developed from a pila prootica it was thought that it could not be

homologous with the Cynodont epipterygoid bone. Therefore it was thought it could

not be homologous with the mammalian bone and was designated "pleurosphenoid".

There is no doubt that Gaupp's theory that a "cavum epiptericum", extracranial in

reptiles, has become intracranial in mammals was a most unfortunate proposition, for

it has led to a great deal of confusion and the creation of a whole host of new names
for the cartilaginous and bony entities in the side wall of the cranium, depending on

their real or imaginary relation to the branches of two nerves and two blood vessels.

All this, although their relation one to another and to fundamental regions of the

chondrocranium and osseous skull components is constant. So far has this theory led

workers astray that when, in a Saurian skull or chondrocranium, bones or cartilages

are found to present precisely similar relations to the nerves and vessels in question as

those presented by the therian alisphenoid bone, or cartilage, the Saurian structure

is given one of those new names, rather than admit its complete homology with the

mammalian structure, simply because it is a Saurian. All the other evidence points to

complete homology.

The wide acceptance of Gaupp's hypothesis is really very surprising because it is

basically unsound. It was based on the development of the head of a highly specialized

reptilian, and furthermore based on one of the most peculiar of the specializations of that

skull. Had the work been based on the development of any reptilian skull, other than a

lacertilian, neither basipterygoid process nor epipterygoid would have been found. These

two structures, so fundamental to the theory, are only to be found in the Lacertilia,

Sphenodon, a few birds and a few fossil forms. Amongst these the Cynodonts are the

only forms which can possibly be regarded as being related closely to the mammalian

ancestral stem. And in this connection it must be remembered that there is no factual

evidence that the alisphenoid bone has been developed from an epipterygoid. The

suggestion that it was so developed is purely conjectural, the development had not been

studied.*

* It should be remembered that, in the absence of any knowledge of its development, the

Alisphenoid of Crocodilus was believed by two very competent comparative osteologists, Broom
and Gregory, to have been developed from the epipterygoid.
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Referring again to those two nerves and vessels, vi^hose varying relations to the

cartilages and bones are regarded, under Gaupp's theory, as determining homologies, it

is well worthy of note that every other cranial nerve and intracranial blood vessel

varies in its relation to chondrocranial and osseous structures, yet these variations are

not, nor have they been regarded as, of any significance relative to the homology of

the structures they present varying relations to.

In conclusion, reviewing all the evidence for and against this theory of Gaupp's,

I find it easier, far easier, to believe that the cranial cavity throughout the Vertebrata

has evolved by continuous variation and adaptation of the same component elements,

rather than to believe that there have been discontinuities, disappearances, displace-

ments and replacements in this part alone of the cranial cavity, whilst all other parts

have progressed by gradual changes.

I must continue to designate the bone in the alisphenoidal region of the side wall of

the Crocodilian skull Alisphenoid.
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EXPLANATION OF PLATE I.

Microphoto of a coronal section showing- the Pituitary gland resting- directly on the upper
surface of the conjoined pterygoid bones, and the internal carotid arteries enclosed in trabecular
cartilag-e and early bone.

Art., Internal carotid artery ; Nv.ii, Palatine nerve ; Pit.g., Pituitary gland ; Pt., Pterygoid
bone ; V.G-., Gasserian g-anglion.
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NOTES ON SOME EVIDENCES OF GLACIATION IN THE KOSCIUSKO REGION.

By W. R. Browne, D.Sc, F.A.A., and T. G. Vallance, B.Sc, Ph.D.

(Plate iv; one Text-figure.)

[Read 24th April, 1957.]

Introduction.

The following notes are intended to supplement and amplify short descriptions,

published from time to time over the last 60 years by various authors, of some of the

Pleistocene glacial features of the Kosciusko region. They are based mainly on

observations made in the course of the last ten years during summer field-trips under

the auspices of the Joint Scientific Advisory Committee of the Linnean Society of New
South Wales and the Royal Zoological Society of New South Wales. The survey made
has been essentially of a reconnaissance character and the most detailed work has been

carried out in the belt of country between the Main Divide and Ramshead Range
extending from Upper Cootapatamba Valley north-east to the site of the former Hotel

Kosciusko, though reference is made to the results of short trips as far north as

Jagungal and as far south as Cascade Creek. The evidences of glaciation dealt with are

those concerning principally the middle or valley-glacier stage, whose features are most
prominently displayed in the region, but mention is made also of some vestiges of the

first (ice-cap) and third (cirque) stages. For the most part we have confined ourselves

to the recording of observations.

The investigations have been made possible by monetary grants from Sir E.

Hallstrom and the Australian and New Zealand Association for the Advancement of

Science, and by the kind co-operation, in the matter of transport and accommodation, of

the Kosciusko State Park Trust, the Snowy Mountains Authority, the N.S.W. Tourist

Bureau and the Botany and Geology Departments of the University; for all this help

we make grateful acknowledgement. We have also greatly appreciated the help and
companionship at various times of Messrs. G. H. Packham and A. S. Ritchie.

We have been fortunate, thanks to the courtesy of the Snowy Mountains Authority,

in securing copies of its 4-inch contour-maps covering much of the area; these have
proved invaluable in many ways, particularly in enabling us to get accurate elevations

and measures of height, superseding earlier approximations based on aneroid readings.

Plate iv is based on one of the Authority's topographical maps.

Evidences of an Ice-Cap Glaciation.

David (1908) recognized that the earliest stage of the glaciation was of ice-cap or

calotte type, basing his conclusion chiefly on the smoothed and rounded appearance of

the landscape at higher levels and on the finding of a boulder of phyllite on Ramshead
Range 6 or 7 miles east of the nearest possible source in the vicinity of the Main Divide.

In recent years the reality of the ice-cap glaciation has been called in question, but our

observations tend to support the original view.

The evidence is derived from both erosional and depositional features. As regards

the former—the rounding and smoothing, the roches moutonnees (ice-shorn hills) and
the shallow cols at high levels—we have nothing to add to previous accounts (Browne,

1952), but would emphasize that while the prominent asymmetrical ridges like Mt.

Wheatley may possibly be interpreted in terms of normal subaerial erosion, it is hard
to explain the distinctly mammilated appearance of the bare, rounded outcrops of

granite to be seen in the north of the area between Big Brassy and Jagungal otherwise

than by ice-abrasion.

Proceedings of the Linnean Society of New South Wales, 1957, Vol. Ixxxii, Part 1.
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The depositional evidences are somev^^hat more objective, less amenable to inter-

pretation according to the taste and fancy of the observer. Since the publication of

David's paper there have been further finds of erratic boulders that must have been

transported in an easterly or south-easterly direction. Near Jagungal a boulder of

alaskite has been moved uphill for half a mile from its source (Browne et al., 1944),

and near Mt. Kosciusko v^^e have noted numerous boulders and pebbles of quartzite in

the valley of Lovi^er Trapyard Creek and boulders of acid granite-gneiss at the head of

Wright's Creek, which must have been transported across country for as much as 3

J

miles from the Main Divide. A carry of up to 2 miles is indicated for large erratic

blocks, one up to 20 feet long, of the acid granitic gneiss so characteristic of Mt.

Kosciusko and the Etheridge Range, which we have found at intervals eastward to the

col at the southern head of Merritt's Creek.

Scarcely less conclusive is the presence of abundant moraine-boulders high up in

the cols and strewn over the top slopes of the Perisher Range, the Kangaroo Range and
elsewhere, which could not well have been deposited by valley-glaciers, and of the

moraine occupying shallow cols in the Main Divide north of Brassy Peak (Browne et al.,

1944).

Glaciated Valleys.

It appears that the glaciers of the second stage occupied pre-existing valleys, the

great majority of which were excavated in the first instance by preglacial rivers; they

were probably modified during the ice-cap stage and certainly received a heavy glacial

impress during the passage of the valley-glaciers. Many valleys are at present much
as the glaciers left them, others have been affected to a greater or less extent by fluvial

erosion since the end of the second stage, and there seems to have been general post-

glacial rejuvenation which has destroyed all vestiges of glaciation up to an altitude of

about 4,750 feet, and in favourable situations well above that. Virtually all the valleys

above this level from Jagungal south to Cascade Creek and its tributaries exhibit signs

of glaciation.

The influence of tectonic structures and of the internal structures of the rocks and

their variable resistance to erosion, which is apparent in the courses of many valleys^

was probably first exerted before the onset of the Ice Age. The trend of the collinear

valleys traversed by the Summit road for 8 miles from the Hotel site to Spencer's Creek

is thought to have been conditioned by a fault parallel to the Crackenback River

(Browne, 1952), and it is probably significant that zones of shearing have been noted

in and parallel to the trends of a number of valleys such as those of Upper Trapyard

Creek, Lower Perisher Creek and even in places the valley of the Upper Snowy. We have

not, however, tried to distinguish between shearing of ancient date and shearing or

jointing related to late Tertiary upfaulting.

The influence of rock-structure and differential hardness is displayed in the collinear

arrangement of Upper Cootapatamba valley, the Rawson Pass tributary of the Snowy,

and Lake Albina, all of which have been eroded along the junction of a belt of phyllite

with the acid granitic gneiss lying to the west. Differential resistance to erosion is

probably responsible for the marked widening of the Upper Crackenback valley at the

Big Boggy, a feature paralleled by the local enlargement of the Snowy valley at Island

Bend and on a larger scale above Jindabyne, and by the flats which alternate with

gorges in the Indi and Geehi valleys. A further instance of differential erosion is

afforded by the low, flat basins in granodiorite in which the main Snowy rises, in

contrast to the bare abrupt W9,ll of acid granite gneiss of the Etheridge Range that

bounds it on the west.

Subhorizontal and subvertical jointing have been important factors in the smoothing

and plucking of the granite by ice, as at Blue Lake and in the valley of the headwater

tributary of the Snowy conveniently referred to hereinafter as Rawson Creek.

Some interesting physiographic peculiarities of the region, however, are still

unexplained, as, for instance, the asymmetry of the watershed between Upper Snowy

and Crackenback and the behaviour of the Spencer's Creek and Perisher Creek systems,.
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which have their courses against the slope of tlie plateau surface, their components

occupying wide valleys and converging to flow in relatively deep and narrow valleys

which pierce the main ridges to join the Snowy.

There is wide variation in the depth, width and gradient of the glaciated valleys,

dependent in large measure on the stage of development of the original valleys and on

the thickness of the ice that later occupied them; the wide, flat, north-ti-ending valleys

of the Ramshead Range, for example, are in strong contrast to the deep valley of Lower
Spencer's Creek and the narrower, steeper ones of the Perisher Range.

It is certain that the valleys in general were by no means completely filled with ice,

though in some places the interfluves were quite overtopped. The minimum thickness

of ice may be estimated from a consideration of the height attained by moraine boulders

stranded on the valley walls and the height of shoulders and truncated spurs above

the glaciated valley floors. In Upper Spencer's Creek the minimum thickness was about

400 feet, in Guthega River valley 300 feet and in the Upper Crackenback valley 200 feet,

while the Snowy glacier at Charlotte's Pass was at least 400 feet thick and that in the

Rawson Creek Valley was of the same order.

The U-shaped glacial valley with steep or vertical walls and relatively flat floor is

not found here; more typical is that with cross-section approaching a very open

catenary curve, well illustrated in the Upper Wilkinson valley, the valleys of Upper

Spencer's Creek and its tributary Wright's Creek, in Perisher valley downstream from

the Summit road, in the upper part of Windy Creek and of Dicky Cooper Creek, and in

parts of the Upper Snowy valley. The erosional shape of many, perhaps most, of the

glacial valleys was, however, modified by the deposition of very large quantities of

moraine, which appears to have filled some of them almost up to the upper limit of

glacial erosion. Much of this material was afterwards removed by fiuvio-glacial and/or

fluvial erosion, so that certain valleys present an appearance of normal mature stream-

erosion; nevertheless, the catenary proflle is still exhibited by some even where the

moraine is not symmetrically disposed in cross-section.

In several valleys the upper limit of glacial abrasion is indicated by shoulders or

truncated spurs. These are well displayed on the left bank of the Snowy valley at

intervals between Charlotte's Pass and the mouth of Spencer's Creek. The first shoulder

lies between the tributary valleys of Club Lake Creek and Blue Lake Creek, and for

that reason gives the impression of a truncated spur, but if the suggestion is correct

that these were excavated during the second glaciation this impression is illusory.

Profiles of the Snowy valley studied on the ground and in sections drawn from a

contour-map, one of which is reproduced in Text-figure 1, suggest very strongly that

the glacial valley was excavated at this point to a depth of more than 400 feet below

an original valley-fioor, and that just downstream of Blue Lake Creek the depth was
a little over 500 feet. Very much less prominent shoulders appear on the right bank.

The evidence thus favours the view that there has been actual and substantial over-

deepening of the original valley.

Downstream of Spencer's Creek the Snowy valley exhibits well-marked shoulders

on both sides, due to the passage of ice. From the road between Guthega Dam and
Perisher Creek a quite similar appearance is presented down to about Island Bend,

but the inner valley slopes down to present river-level, some hundreds of feet below

the probable fioor of the glaciated valley, and is quite clearly river-cut and due to

postglacial rejuvenation, while the much wider upper valley into which it is incised is

the glacial or possibly an older one.

Other examples of glacier-cut shoulders are seen in the southern continuation of

Upper Cootapatamba valley, on the left bank of Rawson Creek, on both banks of

Upper Spencer's valley, in the valleys of Lower Spencer's, Betts', Guthrie, Farm, Perisher,

Piper's and Daner's Creeks, and in the valley of Guthega River. The Upper Crackenback
valley exhibits shoulders or truncated spurs, particularly in the Big Boggy, where they

may be as much as 200 feet above the floor. Shoulders are also discernible in the

valley of Cascade Creek.

II
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We have found no way of determining definitely whether the wider outer valleys

were themselves shaped by ice, and whether the glaciers responsible for overdeepening

the inner valleys ever overtopped and abraded the shoulders. Down from Charlotte's

Pass there is some evidence that the Snowy glacier did so, since the shoulders on the

left bank are at approximately 6,075 and 6,000 feet, while on the right bank in the

Guthrie Range there are cols, through which the ice may have spilled over into Upper
Spencer's valley, at heights ranging from 6,034 to 6,200 feet, well above the level of

the shoulders.

In a few valleys we have observed in association with truncated spurs features

which we consider to be narrow abrasion benches or terraces. The shoulder on the

left bank of the Snowy valley between Club Lake Creek and Blue Lake Creek exhibits

two of these in the form of steps elongated parallel to the river-valley, i.e. to the

direction of glacier moA^ement. The treads, only a few yards wide, slope gently towards

the river and one is perhaps 10 feet above the other. They are near the top of the

shoulder and about 400 feet above the river. The granite here is marked by strong

shearing with a steep north-west dip. It appears that the benches were eroded by the

Snowy glacier while overdeepening its valley, and the step-like profile may have resulted

from varying resistance of the sheared rock to ice-erosion combined with the presence

of subvertical and subhorizontal joint-planes. Similar discontinuous benches are to be

Liiilt T^yn.

Text-figure 1.—Profile along- the line AB on the map, showing shoulders in the Snowy River
and Lower Spencer's Creek glacial valleys. For the upper profile V/H = 2-64, for the lower 1-32.

Base-line for the section is 5,400 feet above mean sea-level.

seen at intervals downstream as far as Pound's Creek. A view up along the valley of

Guthega River from across the Snowy suggests that there are comparable terraces on

a truncated spur on its right bank, but it is not known whether the directive structures

in the granite in this instance are shear-zones or joint-planes.

A few small roches moutonnees, some mantled with moraine boulders, have been

noted in a tributary of Betts' Creek near Betts' Camp, in Upper Perisher valley, and
in Digger's Creek valley near the Hotel site. Reference is made in another section to

roches moutonnees in steeper glaciated valleys near the Summit.

The upper parts of certain valleys are very broad, shallow and rather flat in cross-

section, and abundantly dotted with moraine boulders. This appearance is doubtless

in part accounted for by the accumulation in them of peat-bogs resting on a filling

of moraine-material, but even so the flatness is in marked contrast to the deepening

farther down due to valley-glaciers, and one cannot help thinking that the upper parts

have changed but little since the ice-cap moved over them. These remarks apply

particularly to the valleys of the Ramshead Range between Rennix Gap and The
Porcupine; another example is furnished by the valley known as the Plains of Heaven,

a mile west of the Hotel site.

It would appear, however, that certain wide, flat and shallow stretches near the

heads of some valleys may have been basins of distribution for the n^v4 that fed the

glaciers farther down the valleys, and that they were to some extent widened and
deepened by nivation and ice-movement. Of such are Thompson's Plain at the head of

Wragge's Creek, and the swampy basins at the head of Trapyard Creek and Wright's

Creek, in all of which the nev4 or glacier-ice besides having its normal outlet down
the valleys, overflowed through' cols into the Crackenback valley. To these may perhaps

be added some other flats on the Ramshead Range, as at the head of Digger's Creek,

between Digger's and Wragge's Creek, and at the head of Piper's Creek. The flat valley
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known as Perisher Plain, traversed by the Summit road just south of Piper's Gap, and

the upper part of Guthrie Creek valley south of Perisher Gap, fall into the same

category. The Snowy glacier was nourished from three such basins at the head of its

valley, and the neve in a large flat basin immediately south of North Ramshead, which

had its main outlet to the east into the Crackenback valley, may also have overflowed

through a col to the north-west into Cootapatamba valley.

All these basins contain abundant moraine-boulders and many have moraine barriers

across their outlets, proving that the ice accumulated in them acquired movement.

Cols and Valley-head Flats.

One of the commonest features of the glaciated country is provided by the cols or

saddles, which are so closely and persistently associated with indubitable glacial

phenomena that one must infer they were related to the passage of ice. We have

examined them chiefly east of the Main Divide in the Ramshead, Perisher, Guthrie and

Kangaroo Ranges and elsewhere, but also at intervals along and west of the Main

Divide from Jagungal on the north to beyond Cascade Creek on the south. The highest

is that known as Strzelecki Pass (7,076 ft.) between Mt. Townsend and Mt. Alice

Rawson, and the lowest examined is at Brodie's Camp (5,100 ft.) south of Cascade

Creek. A number of wide, shallow cols, at a little over 5,000 feet, north of Jagungal

have been traversed but not examined in detail.

Many cols are merely shallow gaps in a ridge, while many others mark the common
head of collinear but opposed valleys which were deeply glaciated during the second

stage; of such are Rawson (Ramshead) Pass (6,960 ft.) just east of Mt. Kosciusko, the

gaps—Daner's, Piper's and Perisher—along the Summit road, and the cols at the head

of Munyang River, Guthega River, Farm Creek and Cascade Creek. Others again are

situated in the ridge between two adjacent opposed but not collinear valleys or between

two parallel valleys, and some are in cirque-walls.

Unlike the sharp-edged cols normally resulting from headward erosion by opposed

cirques, most of the Kosciusko cols have floors that are flat or only very gently convex

upwards, so that they are generally swampy; in others convexity is more marked and

drainage correspondingly more efficient. The floor commonly varies from less than 50

to 300 yards wide and exceptionally to half a mile, as in Brassy Gap and at the head of

Guthega River. The floors are usually strewn with erratic blocks in a gritty matrix; this

is mostly a veneer on solid I'ock, but there may be evidence of 20 or even possibly

upwards of 100 feet of moraine, as at the head of Johnnie's Creek and Trapyard Creek

in the Ramshead Range. In Dead Horse (Grogin) Gap, separating the head of Dead
Horse Creek from the Crackenback River where this turns sharply north-east, moraine

appears to be 150 feet thick.* Some cols, like Brassy Gap, are quite devoid of boulders,

and others, like Rawson Pass and Charlotte's Pass, contain only a few. A col at one of

the heads of Rock Creek in the Ramshead Range appears to be in solid granite but

with numerous isolated outcrops standing up to about 10 feet above the general level;

it was possibly carved originally out of rock that was partly fresh, but much decomposed
along joint-planes, and the decomposed material was subsequently eroded away. Some
cols have a slight or marked rise of solid granite in the middle, with a boulder-strewn

hollow on either side.

One type, very common in the Ramshead Range but known also in the Etheridge,

Perisher and Guthrie Ranges, is shallow, with the walls on either side sloping up gently

to a height of 100 feet or less; other types are bounded by vertical cliffs, and others

slope up fairly steeply to a height of 200 feet or even 400 feet or more, like Rawson Pass

(350 ft.), the col south of the Blue Cow (420 ft.) and that between Mt. Townsend and
Abbott Range (485 ft.). The imposing and gracefully-curving moraine-filled col at the

head of Munyang (White's) River at 5,920 feet rises on the east to Gungartan (6,790 ft.)

and on the west to Dicky Cooper Bogong (6,582 ft.) and the setting of Dead Horse Gap

* Estimates are based on the difference in elevation between the top of the moraine and the
lowest point at which it is observed in the col. Some of these moraines may be only veneers
resting- on solid rock ; in such cases the estimated thicknesses are excessive.
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is equally impressive, while a col at the head of Cascade Creek at 5,220 feet is bounded

by Jerusalem Hill (5,980 ft.) and Paradise Hill (5,874 ft.). At the head of Farm Creek

the granite on both sides shows markedly smooth surfaces sloping down to the floor of

the col. The walls of a number of cols have shoulders like those exhibited by truncated

spurs, including Perisher Gap, Consett Stephen Pass at the head of Guthega River, and

the pass in Ramshead Range at the head of Trapyard Creek.

There appears to be no single explanation that accounts for all these cols. Though
almost certainly on the sites of preglacial depressions, they have clearly been occupied

by ice. Many of them are thought to have been traversed by the ice-cap, or by lobes

from it, and the moraine boulders in them may, therefore, date back to the first

glaciation. Into this category would come, among others, the shallow cols on the Main

Divide, the Ramshead Range and the Perisher Range. But for the cols at the heads of

collinear valleys which are relatively deep and exhibit shoulders on their bounding walls

it is suggested that while they may have been occupied in the first place by ice-cap

lobes, in the second stage the glacier in a valley may have become thick enough to

override the col at its head so that diffluent ice spilled over into the collinear valley.

This would deepen the cols and cause the deposition of moraine in them. Later, when
the glaciers waned, the cols became in a sense ice-partings or ice-divides whence smaller

valley-glaciers moved in opposite directions. Such an explanation probably applies, for

example, to Rawson Pass, Daner's, Piper's and Perisher Gaps, the cols at the heads of

Guthega, Munyang and other valleys along the Main Divide, and some of those in the

Ramshead and Perisher Ranges. In the Perisher Range are examples of what may be

termed col-in-col structure, where the remnants of the floor of an earlier col appear as

benches above a younger and deeper one. Between the Perisher and the Back Perisher

the lower col at 6,320 feet is some 180 feet below the upper, and bounded by a steep

rock-wall on its southern side. The deep col south of the Blue Cow is entrenched 135

feet below an upper col, whose floor (6,220 ft.) appears on the south as a smoothed

subhorizontal bare surface of granite ending with a vertical rock-face, and on the north

is indicated by. a shoulder on the slope of the Blue Cow ridge. It is suggested that in

both instances the higher col was carved during the first and the lower during the

second glaciation.

It frequently happened that some of the ice moving down a valley spilled over into

an adjacent valley through one or more cols in the separating ridge; it would seem, for

example, that the glacier moving down Daner's Creek was nourished in part by diffluent

ice coming into it over the col at its head from the Plains of Heaven valley, and there

was clearly a similar communication between the glacier in Johnnie's and that in

Trapyard Creek valley. In the eastern wall of Upper Cootapatamba valley are a number
of cols through which ice may have overflowed on to the -eastern side of the Etheridge

Range, either from the ice-cap or from the Cootapatamba glacier. The Snowy glacier

was in part diverted by way of Charlotte's Pass (6,034 ft.) and possibly by other cols

into Upper Spencer's valley.

Some cols appear to have come into being through backward erosion of cirques

against opposing cirques or valleys. The cols so produced are in general well drained

and may have had their sharp edges blunted by the passage of diffluent ice. The three

prominent cols in the walls of Wilkinson cirque probably originated in this way, and

the Lake Albina cirque has expanded south to form the Townsend Pass and east against

Mawson cirque at Northcote Pass. Charlotte's Pass has resulted from backward erosion

of the Chalet cirque into the Guthrie Range, which here forms the right wall of the

Upper Snowy valley.

Stepped "Valleys.

These are fairly common; naturally, perhaps, they are more conspicuous in the

steeper valleys, and some valleys with rather flat gradients have few or none. The
steps have in most instances been partially obscured by the deposition of moraine,

and their appearance has been modified by post-glacial dissection; hence they do not

form vertical cliffs but are marked by a sudden steepening of the valley gradient.

Many of the stepped valleys are also hanging valleys.
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Steps are well illustrated in the valley of Wright's Creek, a tributary of Upper

Spencer's Creek. Heading in a wide amphitheatre in the Kangaroo Range, the creek

flows in a very shallow, moraine-strewn valley for three-quarters of a mile, then descends

by rapids through bouldery moraine for 50 feet; thereafter the descent is steeper over

solid granite, and the total fall is about 170 feet in a horizontal distance of 170 yards.

Just below the step two small tributary glacial valleys enter from left and right

respectively, and an enlarged cirque-like hollow has been formed in the main valley.

Immediately downstream of the step the floor of the valley is occupied by the

deposits of a drained lake 400 yards long, dammed by moraine, and this is succeeded

by a second step of 250 feet in solid granite, below which the valley turns sharply

to the north, receiving a small but steep glaciated valley from the south. Another

half-mile in a straight course and the Wright's Creek valley joins that of Upper

Spencer's Creek with a hang of 220 feet. The granite at the first step is quite

conspicuously jointed transversely to the course of the valley, and at the second step

jointing is even more marked in a meridional direction and just below it the granite

is cut by a decomposed basic dyke.

In the main valley of the Upper Snowy a few hundred yards above its junction

with Rawson Creek and the valley of Masson Creek there is a step with a descent

of more than 200 feet in 400 yards, accompanied by cirque-like widening and the

excavation of a trough-like valley downstream, marking the upper limit of active

plucking by the combined ice-stream. Below the junction with Masson Creek is a

further fall of 150 feet in 500 yards to the basin of the glacial Lake Andrews (see

below).

A step with a fall of 300 feet occurs in Lower Perisher Creek IJ miles downstream
from the Summit road. At the top the solid granite is covered by a veneer of moraine,

and below the step the valley continues deeper and narrower but clearly glaciated

for another 1| miles, almost to the point where a small waterfall marks approximately

the head of post-glacial rejuvenation. Steps are also well seen in the rather steep

tributary valleys joining Perisher Creek from the west and in other valleys of the

Perisher Range, as well as in the valleys of Rock Creek and its tributaries, rising in

The Ramshead Range. In most of these the solid rock of the steps is capped by moraine.

Well-marked steps appear in the valleys of Piper's Creek and its tributaries, and
the entry of two tributary glaciated valleys, one from either side, some 2J miles down
from the road, has caused an immediate and notable widening and deepening of the

main valley.

The various component valleys of the Digger's Creek system are likewise marked
by distinct steps. Immediately below the Hotel site the main valley has a fairly

sharp drop of more than 50 feet, but this may be a result of post-glacial rejuvenation.

We have but little acquaintance with the country traversed by the Thredbo
(Crackenback) River, but have noted that the upper part of its valley at and above

Big Boggy exhibits broad, somewhat shallow steps.

West of the Main Divide a few stepped valleys have been observed. The farthest

south is that of Cascade Creek, which contains at least two low but broad steps, one

about 30 feet high, in solid granite overlain by moraine. It may be that the valley-floor

is really a succession of glacier-gouged rock-basins infilled with glacial and aqueoglacial

debris. A little more than three miles from its head and at about 4,800 feet the glacial

valley is rejuvenated.

A step of 100 feet appears in the Wilkinson valley below the constriction marking
its emergence from the Wilkinson cirque and immediately above its junction with a
small tributary glacial cirque-valley from the north.

Just across the Divide from White's River Hut near the head of Munyang River a

tributary of Windy Creek rising in a moraine-strewn col descends through a wide,

shallow, cirque-like basin into another of the same kind at 5,900 feet before plunging

into a steeply-graded and probably rejuvenated gorge. A little to the north Dicky

Cooper Creek flows in a beautiful straight, wide and typical glaciated valley with level

swampy floor for more than a mile from its head in the col west of Gungartan before
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dropping quickly on the entry of a tributary glacial valley from the right. The top of

the step is covered by a terminal moraine (Ritchie, 1952).

The scanty evidence we have been able to obtain on the ground as to the origin

of the steps is in harmony with the hypothesis that there has been glacial plucking

in zones of much-jointed rock and that abrupt deepening of the valley has resulted

from the entry of one or more tributary glaciers. The phenomenon is so much more

common in the glaciated region than in areas of normal river-erosion that it cannot

well be related to pre-glacial stream erosion. It may be noted that sudden descents in

the floor of Cootapatamba valley and another nearby have been interpreted as resulting

from valley capture (Browne, Vallance and Rutledge, 1955).

Of somewhat different aspect from those described above, though genetically similar,

are the steps appearing in the valley of Rawson Creek. This trends north for a mile

or more and then turns sharply east and continues for a couple of miles to its junction

with the main Upper Snowy valley. Below the bend the valley widens out considerably

in phyllite and quartzite to form a kind of basin; this is bounded downstream by a

low granite spur from the Etheridge Range which constricts the valley somewhat in

its lower parts. It seems that the ice scooped a basin out of the relatively soft

sediments, towards which the granite acted as a sort of riegel, whose surface was eroded

irregularly by the ice. There is one broad step in quartzite and phyllite, trending

obliquely (N35°'W) across the valley for 400 yards and attaining a height of 90 feet,

while in the granite to the east are a number of smaller steps up to 30 feet high

mantled with morainal debris. They are rather in the nature of roclies moutonnees,

with steep plucked faces downstream and with smoothed surfaces, in one place

exhibiting traces of glacial grooving. They do not continue across the valley but slope

down to right and left, and the present-day stream does not flow over them but skirts

them to the north.

Three somewhat similar but much smaller steps or roches moutonnees, also in

granite, are to be seen in Cootapatamba valley below the moraines bounding Lake

Cootapatamba, and the descent of 400 feet from the Club Lake to the floor of the Club

cirque is marked by three irregular steps in quartzite on which are glacial scratches

and flutings.

In several glaciated valleys heading in cols we have observed steps composed to

all appearance of moraine. They are generally at or near the head of the valley, which
has a relatively steep slope for some distance downstream, beyond which the gradient

flattens out. The descent from the head is made in one or more steps with height

varying from about six to as much as 100 feet, the riser generally with an almost

vertical to moderately steep slope downstream. The treads, vegetated and swampy
as a rule and sloping gently downstream, are composed of morainic material passing

up into soil, and vary in width from a few yards to 100 yards or even more. In

many instances the topmost step is convex upwards. The steps have suffered somewhat
from stream-erosion.

On the branch of Piper's Creek that heads in Piper's Grap there are four of these

steps, which drop the valley-floor through some 250 feet in half-a-mile, the lowest having

a width of 150 yards and a height of about 100 feet. At the head of Perisher Creek
three steps carry the floor down some 200 feet in less than half-a-mile, and the lower

part of the bottom step is solid rock. A somewhat similar flight occurs at the head
of Digger's Creek down from Daner's Gap. Moraine steps have also been observed in

many of the valleys heading in Ramshead Range, Perisher Range and elsewhere. From
the deep col in Ramshead Range at the head of Trapyard Creek the convex surface of

the moraine descends through 120 feet in 500 yards, and in a similar distance the

deposit in Johnnie's Creek drops 120 feet to a flat valley-floor.

At the head of Munyang River about 100 yards down from White's River Hut a

terminal moraine crosses the valley. Downstream the slope of the valley-floor is

somewhat steep, but above the moraine it is flat and swampy. The whole constitutes

a well-marked step which appears to owe its origin to the moraine acting as a barrier

behind which glacial and fluvio-glacial debris accumulated in a lake till the valley-floor

became a marshy flat. A similar explanation probably accounts for many valley-hcjid
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moraine steps, though some, especially the smaller ones, may be due to landslides or

solifluction. In certain instances the morainic accumulations may completely fill and
mask original shallow cirque-like hollows.

Transverse Benches.

Some reference may be made to certain bench-like or step-like structures associated

with glaciation but probably of diverse origins; they are grouped together for con-

venience.

High up on the rather steep eastern flank of the Back Perisher ridge at heights

between 6,300 and 6,450 feet are a number of discontinuous benches or steps extending

in an approximately meridional direction for some 500 yards or more and placed

transversely to the heads of a somewhat steep east-flowing valley tributary to Lower
Perisher Creek. The treads are mostly narrow and covered with boulders and soil, and

have been much dissected. The risers are as a rule not high, though some may be up
to about 40 feet; they are cut out of solid granite and their trend has obviously been

influenced by subvertical joints running about 170° (mag.). Though some of them
may be the result of landslides it seems possible that on the whole the steps are related

to plucking by ice-masses descending into the tributary valley.

In 1946 Mr. W. H. Maze and one of the authors in the course of a reconnaissance

survey noted on the right bank of Munyang River close to its head a series of steps or

benches descending from the Main Divide, here more than 800 feet above the river,

almost to the valley floor at the back of White's River hut. They carry much morainic

material and have clearly been glaciated, some having small hanging valleys and
cirque-like hollows draining into a steep tributary valley, to which the benches are

transverse. As in the last-described occurrence these benches seem to have been formed

by abrasion and plucking by ice descending from the Main Divide, and to be therefore

analogous to the steps of glaciated valleys.

In the glaciated country on the eastern fall of the Main Divide north of Big

Brassy, Browne, Dulhunty and Maze (1944) obseiwed a number of benches or terraces

descending towards the Burrungubugge River; these they considered to be fault-steps

somewhat modified by the passage of an ice-cap coming from the west and descending

over the Main Divide, and later dissected by tributaries of Macdonald's Creek.

Hanging Valleys.

These are rather common, marking the points at which valley-glaciers were joined

by secondary or tributary glaciers, though there are some conspicuous and rather

inexplicable accordant junctions. A few hangs are so abrupt as to be mai'ked by

cataracts, but for the most part there is just a sudden steepening of the thaliceg of the

tributary where it joins the main valley. On the left bank of the Wilkinson valley

below the step by which it emerges from the Wilkinson cirque, a tributary is hung some

500 feet above the valley floor, to which it descends by cascade and waterfall. Plainly

visible from the Summit road just east of Charlotte's Pass is the hang of the wide,

shallow, glaciated valley of Wright's Creek where it joins Upper Spencer's valley; the

rapid descent of 220 feet is entirely in what seems to be lateral moraine. The wide, flat

valley of Lower Trapyard Creek is joined by a couple of tributary hanging valleys from

the left, and here, as in many other examples, stream-erosion has cut back the tributary

valleys for some distance, chiefly through moraine-material.

Another hanging valley visible from the Summit road is that by which Guthrie

Creek, flowing west from Perisher Gap in a wide basin-like valley, tumbles down nearly

100 feet chiefly over moraine to join Betts' Creek. The valley of Lower Perisher Creek

receives at least three tributary valleys with hangs varying between 350 and 450 feet.

Piper's Creek valley has a number of hanging tributaries, and the flat upper tributaries

of Digger's Creek descend steeply through as much as 400 feet to join the main valley.

Some of the "hangers" are cirque-like; these are described in the next section.

Tributaries of Upper Munyang River valley from Disappointment Spur are hung as

much as 1,000 feet, and lower down this valley there are a number of obviously hanging
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tributaries, but the amount of hang is not ascertainable owing to partial rejuvenation of

the main valley. Ritchie (1952) has recorded the existence of a number of hanging

tributaries of the valley of Windy Creek, collinear with Guthega River.

The Upper Snowy valley has a number of hanging tributaries. Above Charlotte's

Pass the valley of Masson's Creek descends rather steeply through 120 feet,* and a

mile farther down the beheaded valley of Masson's Creek hangs 300 feet above the

river. For some reason not yet understood the valleys of Club Lake Creek and Blue

Lake Creek appear to enter at grade. Below the mouth of Spencer's Creek, which seems

to meet the Snowy without any hang, the post-glacial rejuvenation of the river is

increasingly manifest, with dissection of the old valley floors, and the hang of the

original glaciated tributary valleys is very hard to estimate. Pound's Creek valley is

apparently perched to the extent of about 100 feet, but we have been unable to determine

with any degree of certainty the relations of the glaciated valleys of Farm Creek, Guthega

River, Piper's Creek and Munyang River to the Snowy valley. A mile below the mouth

of Guthega River and on the same side the little hanging valley of Falls Creek plunges

down through at least 1,200 feet into the Snowy, but here the height of the hang has

been increased by 200 feet through post-glacial deepening of the Snowy valley.

Viewed from Ramshead Range a number of well-glaciated valleys are seen to hang

above the Thredbo (Crackenback) valley on its right bank, partly, no doubt, as the result

of rejuvenation, and hanging tributary valleys and hanging shallow cirques border the

Upper Crackenback valley on both sides at the Big Boggy and above it, at heights ranging

from 200 to upwards of 600 feet.

A few boggy and moraine-strewn hanging valleys high up on the western side of

the Main Divide are crossed by the bridle-track between Dead Horse Gap and Cascade

Creek, and the great cirque-like head of one of the tributaries of Cascade Creek descends

rapidly through 300 feet to the main valley.

Cirques and Cirque-like Hollows.

Some of these, forming the heads of glaciated valleys, are assigned to the second,

and certain others at high levels which do not function in this way to the third or

cirque-cutting stage of the glaciation, but discriminative criteria are not everywhere

easy to apply. In the third stage are placed the cirques at elevations of 6,000 feet and
more, containing Lakes Cootapatamba and Albina, Club Lake and Blue Lake, all of

which were described by David, Helms and Pittman (1901) and Dulhunty (1945), and

it is not unlikely that those along the eastern face of the Etheridge Range belong to

this stage. There is also a possibility that cirques, like Mawson, Club and Wilkinson,

originally formed in the second stage, wei-e occupied and further excavated by ice in

the third stage.

Some of the cirques have preserved to a considerable degree their original form,

but most have suffered a good deal from weathering and erosion. Those cut in phyllite

and schist have been most affected, and there are a number of eroded hollows in the

phyllite belt along the Main Divide north of Mt. Kosciusko, as near the Townsend
moraine, at the head of Carruthers Creek and NNE of Lake Albina, which may have

been cirques originally but have been so much modified that their origin is doubtful.

It is probably significant that the walls of the cirque, cut in phyllite, 250 feet above

Blue Lake, have a wide fiare. There is evidence of old landslides on the steep south-

eastern wall of the Albina cirque, and the steep walls of the Mawson cirque and the

little Club Lake cirque are liable to be affected by landslides. In the cirques cut in

granite also weathering and erosion have been at work; the sloping eastern wall of the

Wilkinson cirque is littered with turnultuous aggregations of angular rifted blocks large

and small, locally arranged in the form of rock polygons and festoons—the result of

frost-weathering—and there have been rock-falls from the steep western wall of Lake
Albina.

* This is a "mock" hanging valley or "diffluence pass" (Cotton, 1942, p. 234).
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These remarks apply almost exclusively to the cirques at the highest levels above,

say, 6,000 feet. Those at lower levels have had their slopes to a large extent stabilized

by soil and vegetation, probably after having been subdued by weathering and erosion

under subglacial conditions.

Several valleys head in cirque-like hollows, some of which have diameters notably

larger than the width of the valley. One of the most spectacular of these is the large

Wilkinson cirque lying between Mt. Kosciusko and Mt. Townsend. It is roughly elliptical

in plan with a shorter (east-west) diameter of about 1,000 yards. On its floor is a

drained lake, and its outlet is to the west into the glaciated Wilkinson valley at a level

900 feet below the summit of Mt. Townsend. A striking feature of the western wall is

the deep col, at 6,760 feet, separating Mt. Townsend from Abbott Range, on the northern

side of which there is what appears to be a little cirque, with an asymmetrical moraine

south of it and running about ESE, the steeper slope being to the north. On the eastern

side there are two cols isolating the Mueller Peak ridge, the one on the north at a little

over 6,800 feet and that on the south the broad and deep Adams' Pass (6,595 ft.). A
sharp steepening of the slope of the cirque-wall, with some signs of clifRng, observed

on the western flank of Mueller's Peak at about 6,600 feet, or nearly 300 feet above the

floor, suggests a second phase of cirque-formation.

The Mawson and Club cirques extend li miles from Northcote Peak north to

Carruthers Peak. They are cut in phyllite and schist, with eastern walls of granite, and

the nodal intersection of the cuspate back walls forms Mt. Lee. The floor of the more

southerly Mawson cirque is at 6,150 feet, some 850 feet below Northcote Peak, and that

of Club cirque is 100 or 150 feet lower. The walls of Mawson cirque are sloping except

on the south-western side, where they are precipitous and much furrowed by gullies,

and some 200 feet up there is a tiny hanging cirque. The walls of Club cirque are also

in part precipitous and gullied; about 400 feet above the floor on the north-western wall

the little shallow Club Lake occupies the floor of a moraine-dammed secondary cirque

from which a steep and somewhat stepped overflow channel leads down to the floor of

the main cirque. About the level of Club Lake there is an ill-defined step or shelf in

the northern wall, and a similar shelf appears in the north-western wall of Mawson
cirque. The floors of both cirques are covered thickly with moraine, deeply dissected.

They have a common relatively narrow outlet to the valley of Club Lake Creek, which
flows south-east and then east to join the Snowy at grade with a drop of 500 feet in

2 miles. On the right bank of this valley and cutting into the eastern flank of Mt.

Clarke is the Clarke cirque, with bare vertical granite walls rising to a maximum height

of 550 feet above an ill-deflned floor at 6,000 feet, from which spread a couple of

moraines merging into those from the Mawson and Club cirques.

It seems probable that all these cirques were hollowed out in the first instance

during the valley-glaciation. They must have contributed to the Snowy glacier nearly

as much ice as the valley of Rawson Creek.

Conspicuous from the Summit road is the Chalet cirque forming the head of the

valley of Upper Spencer's Creek. It is cut out of the western slope of Guthrie Range,

and is really composite of two intersecting cirques, of which the larger by far is the

eastern with a depth of 1,000 feet from the top of Mt. Stilwell, while the wall of the

western is less than 300 feet measured from Charlotte's Pass. It is one of the lower-

level cirques, the floor being at 5,750 feet, and the walls, soil-covered to a large extent

and supporting grass and trees, slope steeply to moderately, in part as the result

of heavy deposition of morainic and other debris at the lower levels. A fairly well-

defined shoulder can be made out in the wall at a little over 5,900 feet.

A prominent cirque is that heading under Twynam (7,207 feet) and Little Twynam
and forming the source of the most southerly branch of Pound's Creek. We know but

little of it; its swampy floor is nearly 800 feet below Twynam and is bounded by two

well-marked crescentic morainal ridges breached on the north-eastern side.

Munyang River valley starts from a broadly cirque-shaped hollow composed of a

number of minor intersecting and convergent hanging cirques, and somewhat similar

valley-heads are to be seen in a tributary of Piper's Creek heading just north of
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Smiggins' Holes and in the chief right-bank tributary of Cascade Creek heading south

of Purgatory Hill. This is fully three-quarters of a mile in diameter, and intercirque

cols indicate diffluence from one little cirque to another, with some spillover across the

Main Divide into one of the glaciated heads of Jacob's River. Some of the minor
cirques have a distinct hang, and the composite hollow, which has a minimum depth of

more than 200 feet, is perched at least 300 feet above the main valley.

Many glaciated valleys head in cirques or cirquoid hollows, deep or shallow, that

are not notably wider than the valley itself. Two very fine though short (|-mile)

valleys of this type, 400 feet deep, join the valley of Betts' Creek just east of Betts'

Camp, and cirque-like hollows are found at or near the heads of other valleys in the

Perisher Range. A distant view makes it clear that most if not all of the headwater

components of Pound's Creek between Twynam and Mt. Tate in the Main Divide head

in cirques. Guthega valley is cirque-headed and so is the valley of Windy Creek,

collinear with it. Ritchie (1952) has observed many other examples in tributaries of

Three Rocks Creek, Munyang River and Finn's River.

Most of the north-directed valleys of the Ramshead Range do not rise in cirques;

an exception is Rock Creek, whose main branch heads in a shallow cirque-hollow and

deepens quickly downstream. It is possible that shallow cirque-heads in other valleys

are masked by deposits of moraine.

Cirque-like enlargements appear in some glaciated valleys away from their heads

as the result of local widening and deepening at the junction with one or more
tributary valleys. Instances are given above from the valleys of the Upper Snowy,

Wright's Creek and Piper's Creek 2J miles down from the Summit road. An excellent

example formed by the confluence of two small, steep glaciated valleys is that commonly
known as the Perisher cirque, immediately south of the Back Perisher; this is really

a wide, trough-like valley about 300 yards long, with a very steep to vertical back wall

of granite more than 400 feet high and a marshy, moraine-strewn floor at a little over

5,800 feet, hanging 140 feet above the floor of Upper Perisher valley. The western

branch of Farm Creek valley, in the Perisher Range, widens into a cirque-like hollow

200 feet deep just above where it is joined by the valley of Blue Cow Creek.

Cirque-like expansions in Cootapatamba valley and another adjacent to it are

thought to have been cirquoid valley-heads that were involved in valley capture (Browne,

Vallance and Rutledge, 1955) ; they have suffered so much post-glacial erosion that

their pristine character has been much obscured.

Glaciated valleys may have hanging cirques or cirquoid hollows along their sides;

these usually form enlargements, with wide flare, of tributary valleys. Piper's Creek

valley has such a tributary cirque in Smiggins' Holes—a hollow, filled with sand and
peat-bog, with outlet 100 feet above the valley—and below the Summit road it has two
on the right and two on the left bank. One of these, in the valley heading in the

Plains of Heaven, is 400 yards long and more than 300 feet deep, and hangs above the

main valley, dropping 300 feet in half-a-mile to join it.

Some cirques are perched high above the floors of adjacent glacial excavations.

At the back (west) of the Clarke cirque and perched some 500 feet above its floor is a

little cirque 200 yards in diameter and 150 feet high, its outlet closed by a broad

jumble of moraine-boulders; it drains into another little cirque-hollow 100 feet lower

and thence by a steep little glaciated valley passing south of Clarke cirque. On the

Guthrie Range are a couple of small, shallow, moraine-filled and swampy cirque-hollows

perched 400 to 500 feet above the floor of the neighbouring Spencer's Creek valley,

and on the other bank of this valley, a little way south of The Paralyzer, is a shallow

cirque-like valley at 6,300 feet, elliptical in plan, about 30 feet high and 400 yards

long, partially filled with moraine, lake-deposits and a small silt-terrace; it heads

eastward in a shallow col connecting it with a tributary of Farm Creek. The outlet,

100 yards wide and marked by a concentration of big moraine blocks, is on the edge

of Lower Spencer's Creek valley and 850 feet above its floor.

A little swampy cirque, 200' yards in diameter and 120 feet below the crest of the

Main Divide, was observed at the head of Bob's Ridge at 5,850 feet, 1,000 feet above
the glaciated floor of the adjacent Cascade Creek.
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It is uncertain whether these little perched cirques and cirque-valleys should be

assigned to the second or the third glaciation.

Along the eastern front of Etheridge Range from Seaman Hut almost to North

Ramshead is a fine series of half-a-dozen small cirques with walls from 80 to 400 feet

high cut out of acid granite, some with lateral and two or more crescentic terminal

moraines. The floors range in altitude between 6,500 and 6,650 feet.

Somewhat akin to the cirques are the nivation-hollows which abound at the higher

levels in sheltei'ed situations where snow may persist well into the summer. They are

shallow as a rule, and it is noteworthy that the rock shattered by freezing and thawing

and removed by thaw-water is mostly in little fragments and flakes, and not in the

boulders so characteristic of true glacial erosion. Certain hollows containing boulders,

which are now undergoing nivation, may have been very tiny or incipient cirques during

Pleistocene time, which have since been subject to very slow enlargement. Examples
have been noted on Carruthers Creek near the Blue Lake track, in the little cirque above

Clarke cirque, on the northern side of the basin at the head of Wright's Creek, and
elsewhere.

Hollows simulating the appearance of little cirques, complete with terminal moraine,

have been formed by landslips in morainic material. A good example was observed

on the northern slope of Helms moraine and a couple have been noted near the head

of Munyang River valley. The appearance of a terrace in the eastern face of the David

moraine is not improbably the result of a landslip. Some of these pseudo-cirques seem
to be in process of enlargement by nivation.

Moraines.

These are of different types and belong to all three stages of the glaciation. In

connexion with the ice-cap glaciation nothing has been found that might be called till

or boulder-clay, probably because the terrain over which the ice moved was predomi-

nantly granitic, so that the finest material transported was for the most part sandy or

gritty. The area formerly covered by the ice-cap is liberally bestrewn with ground

moraine in the shape of boulders and blocks of granite in a gritty matrix, notably on

some west-facing slopes. This appears to be at most a veneer on solid granite, and

where runnels of thaw-water have been formed down a slope the matrix has been

completely washed away and a belt of boulders resting on each other with empty
spaces between has been formed simulating the appearance of a rock-river.

What appear to be crescentic terminal moraines deposited by lobes from ice-caps

have been observed at various points along the eastern fall of the Ramshead Range

,

to the Crackenback valley, and several miles to the north on the Main Divide at the

heads of Macdonald's Creek (Browne, Dulhunty and Maze, 1944). Some of those in

the Ramshead Range may, of course, have been deposited by overfiow ice from the

valley-glaciers moving nortli.

Morainic material is very common in the valleys that were occupied by the glaciers

of the second stage, but owing to partial erosion since its deposition it is not everywhere

easy to interpret. An examination of the glaciated valleys suggests that many have

been deeply filled with moraine, remnants of which survive as discontinuous sloping

terraces along the valley-sides as well as on the floors. One such terrace is to be seen

in Piper's Creek valley down from the Summit road, where it is up to 80 feet thick.

Others are present in the lower part of Trapyard Creek and along the sides of Upper
Spencer's Creek valley to a height of about 200 feet, and there is a very conspicuous

example along the left bank of Lower Spencer's valley, where the terrace is from 20 to

200 yards wide and as much as 200 feet above the valley-floor, itself excavated almost

entirely in moraine. The terrace is backed by a steeply-sloping wall of solid granite

rising from 200 to 500 feet above it. The valley of Daner's Creek near its head Is

filled right across by moraine boulders to a thickness of more than 100 feet, the

accumulation ending abruptly downstream and conveying the impression of being but

part of a former much larger filling now mostly removed by erosion and represented

downvalley by remnants pasted against the sides and strewing the floor.
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We have failed to find a completely satisfying explanation for these phenomena.

Some of the moraines along the valley sides may be lateral moraines merging into

ground moraine, but the absence of symmetrical arrangement of the terraces, which

may extend more than halfway across the valley, while those on one bank may not

be matched on the other, makes this improbable for some at least of the occurrences.

Again, post-glacial rivers may have gradually removed the sandy matrix of the original

moraine-filling, causing the boulders to subside along the axis of the valley, but this

would necessitate a proportion of matrix to boulders vastly greater than is either likely

or actually known in any moraine in the area. The removal of the original morainal

filling by post-glacial streams also seems improbable or even impossible in view of the

abundance and generally large size of the boulders. Elsewhere in this paper the

possibility of removal by a succeeding generation of valley-glaciers is considered.

The marked concentration of large morainic boulders near the heads of certain

collinear valleys formerly occupied by ice has suggested that some of the valley-glaciers

acted as redistributors of moraine left behind by the ice-caps on the plucked side of

the great roches moutonnees or shorn hills, and that such transport was least effective

towards the valley-heads. The valleys along the Summit road, mentioned above, come
into this category, as do those heading in the col immediately south of the Blue Cow.

On the leeward side of the great shorn ridge of Mt. Wheatley, south of Perisher Gap,

is a broad boulder-strewn col whence flow a tributary of Betts' Creek and a headward
tributary of Rock Creek, and it is noteworthy that the upper parts of the two collinear

valleys are choked with tumultuous aggregations of huge boulders.

The boulders of the moraines are, of course, predominantly of granite, but in

favourable situations quartzite and schist are also present, derived from the metamorphic

belt that follows and in places forms the Main Divide near Mt. Kosciusko. They have

been observed, for example, in the Townsend and Helms moraines, in the valley of Club

Lake and Blue Lake Creeks and high up on the right bank of the Snowy at Guthrie

Range. The David moraine in Spencer's Creek valley contains abundant small fragments

of tinguaite which were formerly thought to have been transported from the dyke in

Blue Lake Creek (Evidence Valley) on the left bank of the Snowy (David et al., 1901),

but we have found indications of a similar dyke in the big central col of the Guthrie

Range, and this is the most likely source. This moraine also includes boulders up to 20

feet long of the Summit type of acid gneissic granite, and small fragments of quartzite,

and David (1908) recorded blocks of phyllite in Spencer's Creek valley. Striated stones

of quartzite have been picked up on the eastern flank of Guthrie Range at 6,165 feet,

more than 400 feet above the floor of Upper Spencer's valley. These facts are in harmony
with the view that the glacier in this valley was in part nourished by diffluent ice from

the Snowy glacier, moving principally by way of Charlotte's Pass.

Boulders of hornblende-lamprophyre and dolerite derived from local dykes are not

uncommon in some of the valleys heading in Ramshead Range, but few have been

transpoi'ted far.

The Helms moraine (David eA al., 1901) lying south-west of Blue Lake runs in

a general ESE direction for 450 yards and has a remarkably level crest at 6,600

feet. It slopes down rather abruptly to both north and south and is cut off suddenly at

its eastern end. It appears to be based on solid rock with a general northerly slope, so

that the thickness varies from 85 feet on the south to 175 feet on the Blue Lake side,

and is truncated by the crescentic moraines at Blue Lake and downstream of Hedley

Tarn which abut against it obliquelj^ from the south-east. We are of the opinion that

it may really be the remnant of a medial moraine perched on the ridge separating two

confluent valley-glaciers both heading in the Main Divide, one of which occupied the

valley of Blue Lake Creek and the other the adjacent valley of Carruthers Creek. It

was partially obliterated during the J;hird glaciation by the ice that formed the Blue

Lake cirque and was responsible for the crescentic moraines.

The Townsend moraine juts out in a south-easterly direction near Townsend Pass

south of Lake Albina on the left bank of the Rawson Creek Valley and at the point

where this valley changes direction from north to east. It was interpreted by
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David, Helms and Pittman in 1901 as a lateral moraine, and one of us (Browne,

1952) assigned it to the third glaciation, but later examination has suggested that

relics of it are traceable across the valley to the right or southern bank and that it was
really formed as a kind of crescentic terminal moraine to a valley glacier. However
we are by no means satisfied that this is the true explanation.

Terminal moraines have been recognized in several valleys, but some have been

partially eroded away or covered up and many were at best but small. The Masson
moraine, on a tributary of the Upper Snowy, is an exception, being nearly 150 feet high;

it has filled the valley of Masson Creek up to the top of its western wall, where it seems

to merge into and be continued as ground moraine.

According to an old manuscript map, the David moraine was doubtfully classed by

David as a true moraine; it was named by Taylor, Browne and Jardine (1925), and by

them regarded as a terminal moraine of the Upper Spencer glacier. Certainly its

profiles and crescentic ground-plan favour such an interpretation, on which, however,

further observations have tended to cast doubt. The accumulation is very much larger

than the insignificant examples elsewhere in Upper Spencer's and Trapyard valleys; it

is about S-mile long and attains an altitude of 5,845 feet, while morainic material has

been proved to a total depth of 300 feet below this (Moye, 1955), i.e., more than 100 feet

below the bed of the present valley of Spencer's Creek, in which it lies. Excavations

reveal that many of the smaller granite boulders are completely decomposed and
appear as "ghosts" in the matrix of granite-grit. On the left bank of the valley it

merges into lateral (?) moraine on the flank of the Guthrie Range and on the right

slopes down to Upper Spencer's Creek, across which there is moraine continuous with

it at low level to the base of the low ridge separating Trapyard and Johnnie's Creeks.

It is perhaps significant that its top elevation accords well with that of morainic

terraces along the valley-sides of the Spencer's Creek system. Some years ago Mr. D. G.

Moye, Chief Geologist of the Snowy Mountains Authority, drew our attention to the

fact that excavations in the moraine near creek-level revealed boulders embedded in

contorted varve-clays. The accumulation occurs at the convergence of four glaciated

valleys which unite to form the valley of Lower Spencer's Creek, a tributary of the

Snowy.

In view of all the circumstances we are inclined to interpret the David moraine not

as a terminal moraine at all, but rather as a remnant of the great deposit of morainic

and fluvioglacial material that choked the valleys on the recession of the valley-glaciers

of an earlier phase (see below), which was eroded into the semblance of a great

terminal moraine by the glaciers of a later phase.

It should be pointed out that around the southern and eastern flanks of the David
moraine there is a niuch lower spread of moraine boulders comparable in height with

the terminal moraines of Trapyard and Upper Spencer valleys; this we interpret as

terminal or ground moraine laid down during a postulated later phase of the valley-

glaciation.

The relatively small cirque-glaciers of the third stage deposited both terminal and

lateral moraines. Probably the most striking are those down from the Blue Lake and

Hedley Tarn, at least five in number, a veritable fiight of moraine steps extending down
through about 400 feet to within i-mile of the Snowy River; these form magnificent

festoons grading from lateral into terminal moraine, and sweep across from the valley

of Blue Lake Creek into that of Carruthers Creek. A similar but larger, though less

spectacular, flight of moraines spreads down the valley of Club Lake Creek. The floors

of Mawson and Club cirques are covered to a depth of 30 or 40 feet with moraine

dissected into confused mounds and ridges. Prom the foot of Mt. Lee diverge a number
of ridges, one of which may be a lateral moraine related to the little Club Lake cirque.

The Club Lake is closed by a crescentic moraine about 150 yards wide and between 50

and 60 feet deep. Like that which closes the Blue Lake this moraine is traversed by

deep furrows, one of which forms the outflow channel for the lake. Dulhunty (1945)

regarded these as original features, but we are inclined to the belief that they were
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eroded as overflow channels before the present preferred one w^as finally deepened enough

to leave them normally high and dry.

In the narrow valley—not more than 200 yards wide^of Club Lake Creek where it

emerges from Club cirque at 6,100 feet, there are banks of hummocky moraine 80 to 100

feet deep and extending along the valley for upwards of 100 yards, the surface of which

is dimpled with hollows or "kettles" as much as 15 feet deep, without any drainage.

This appears to be an original structure, due to the inclusion of large blocks of ice in

the moraine when it formed, and its preservation to the present day suggests that it

must belong to the third glaciation. The only other place where hummocky moraine has

been noticed is at the southern end of the floor of Lake Albina cirque (David et al.,

1901).

Lake Cootapatamba is perched on the upper of two moraines which together extend,

along the floor of the valley, through a vertical distance of 160 feet, the lower sweeping-

round and upwards on the right bank into a lateral moraine. Besides these there are

traces of two other terminal moraines, one immediately below the second and con-

siderably disintegrated, and the other, also much eroded, some 120 feet above the

lake and halfway between it and the head of the valley at Rawson Pass. Just above it

are remnants of an earth terrace. These less prominent accumulations may be relics of

the valley-glacier stage.

The eastern front of the Etheridge Range is scalloped by a number of small cirque-

hollows which may have furnished ice to the Snowy glacier but were probably occupied

by small glaciers in the third glaciation; these have left a number of small multiple

terminal moraine systems and a few of lateral-medial type.

We have not attempted to correlate the various units in the flights of moraines,

marking pauses in the retreat of the cirque glaciers, but such correlation may eventually

be found possible.

Dkained and Filled-in Lakes.

Swampy and boggy areas are very widely distributed; they are composed of

sphagnum moss and other bog-plants, and have been formed in favourable situations in

response to the cold, wet climatic conditions. Many of these bogs occupy cols and
valley-head flats, and their existence is no doubt related to the presence of a thickness

of gritty, water-holding moraine matrix overlying solid rock. The swampy area in many
instances stretches for some hundreds of yards down the valley with a gentle convex
slope. One of the largest occupies the col at Brodie's Camp forming the head of a

tributary of Cascade Creek at 5,100 feet, and there are many along Ramshead Range;
indeed nearly every col is or has been swampy.

Other swamps occupy the flat floors of glaciated valleys and cirques, and there is

reason for believing that some at least of these are old lakes dating back to the Ice-age,

subsequently drained and overgrown with swamp flora. Though sphagnum is still

growing abundantly in many places, most of the swamps, both in the cols and in the

valleys, have been much dissected through trampling by stock and concentration of

water from other causes, and are now traversed by meandering water-channels. As
Costin (1954) has shown, the resultant lowering of the water-table has caused the

extinction of much of the sphagnum and its supersession by snowgi-ass, but the

vertical or overhanging banks of the streams reveal sections a few feet deep through

the old lake- and swamp-deposits. However, in the absence of complete sections down
to solid rock it is impossible in most instances to do much more than speculate on the

history of the lakes.

This section is concerned not with the .lakes, dating back to the last Pleistocene

glaciation, which are still in existence occupying former cirques and rock-basins, but

chiefly with those which were dammed by terminal or other moraines, or occupied

rock-basins scooped out of valley-floors by the advancing glaciers. Most of the moraines

left behind by the retreating valley-glaciers were low, and as a result of rapid filling

and early breaching of the barrier by overflow the lakes were only ephemeral; draining

may in some instances have been caused or hastened by the filling of the lake with
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glacial and fluvioglacial debris, and it is possible that the draining and swamp-
formation began during Pleistocene time, but this is a matter that can be settled only,

if at all, by radiocarbon analysis. It is, of course, possible that many of these valley-floor

lakes occupied glacier-gouged rock-basins of some depth, now completely filled in, but so

far as we are aware in no case has the depth of the deposits been tested. The highest

of the drained lakes is that in Strzelecki Pass, the col lying immediately north-east of

Mt. Townsend. Helms (1896) here found a shallow lake 30 feet in diameter which he

called Russell Tarn, but at present it is merely a much-eroded shallow, boggy swamp
resting, in part, on a thin veneer of moraine.

Moraine-dammed lakes are very common. David (1908) pointed out that Upper
Spencer's valley contains three of them; of these, two are contained by very low

moraines while the third is bounded by the David moraine and a low moraine terrace

continuous with it on the south. Another low moraine across the valley of Spencer's

Creek at its junction with Betts' Creek made a lake extending up Betts' Creek valley

for more than a mile as well as for some distance up Spencer's Creek and Johnnie's

Creek, and higher up Betts' and Johnnie's Creeks and in Lower Trapyard Creek there

are minor swampy areas that may have been lakes.

Moraine-dammed lakes with shallow deposits are also to be seen in the valley of

Upper Perisher Creek, and in Rock Creek less than half-a-mile up from where it is

crossed by the Summit road is a swamp which seems to have been a lake held up by

a rock-barrier. A terminal moraine across the valley of Lower Perisher Creek just

above the big step ponded the waters behind it to form a narrow lake IJ miles long.

The part of Piper's Creek valley traversed by the Summit road below the entry of

Prussian Creek appears to have been the site of a shallow lake barred by a low moraine,

and li miles down from the road the valley was ponded for a distance of at least

three-quarters of a mile by a moraine-barrier which forms a col at 5,060 feet.

Moraine-dammed lakes have also been noted in the valley of Rawson Creek, on the

platform fronting Mt. Kosciusko on the west, in Digger's Creek, and farther north at

the head of Munyang River, in the valley of Valentine River north of Gungarten, in

the valley of Dicky Cooper Creek (where the drained lake is about |-mile long) and in

several other valleys.

Many stepped valleys seem to have had rock-basins scooped out of their floors

between steps, and their rims, with heights increased by deposits of moraine, have

enclosed evanescent lakes, as in the valleys of Wright's Creek and Cascade Creek and

perhaps also in the Upper Crackenback valley. A number of the steeper valleys of the

Perisher Range show a succession of drained lakes; in the east branch of Farm Creek

a flat boggy stretch some 600 yards long, barred by moraine and with many erratic

boulders scattered through it, occupies the tread of a step, with a relatively steep

gradient both upstream and downstream of it. Swampy areas that may have been

temporary lakes in stepped valleys are seen on a headwater tributary of Munyang River

on its right bank and just across the Main Divide in a tributary of Windy Creek.

The neve fields or basins of distribution mentioned above, in the Ramshead Range
at Thompson's Plain and elsewhere, at the head of Wright's Creek and at the head
of the Snowy River, once held shallow lakes, some blocked by moraine; these are

now largely swampy.
Some of the valley-head cirques appear to have contained temporary lakes. The

best example we have seen is that occupying the floor of Wilkinson cirque, now a

swampy area traversed by a meandering watercourse; another is on the floor of the

cirque heading between Twynam and Little Twynam, and yet another in a tributary

of Farm Creek heading between the Perisher and the Back Perisher. Rock Creek
heads in a shallow swampy cirque-like hollow in Ramshead Range. Tiny drained

lakes resting on or barred by crescentic moraines are seen in most of the small cirques

along the eastern front of Etheridge Range.

Beneath peaty deposits and impure boggy soils a number of the drained lakes

contain beds of clay, mostly thin but exceptionally up to two or three feet thick; such

beds have been noted in the old lakes in Upper Spencer's Creek valley, in Betts' Creek,

in the basins at the head of the Snowy River, in Mawson cirque, in Rock Creek, and
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in a little drained lake on the platform immediately west of Mt. Kosciusko. Possibly

exploration by means of pits or auger-holes would disclose other occurrences. Some of

the clays are unstratified, others are banded with thin layers of granite-grit. Only in

the valley of Lower Trapyard Creek have true varved clays been found (Vallance, 1953),

in a deposit 12 inches thick.

It is clear that some of the lakes were very short-lived and may not have endured

beyond or even to the end of Pleistocene time. One of these was Lake Andrews (David,

1908), through whose deposits erosion by the Upper Snowy River has laid bare a fine

section on the right bank of the river below Charlotte's Pass. Evidently, as David

(1908) suggested, this occupied a shallow rock-basin that had been gouged in the floor

of the valley by the Snowy glacier. The downstream rim was eventually breached by

overflow, and the river has cut through the lake deposits, which now appear as a

well-marked terrace some 500 yards long and up to 150 yards wide. Dissected relics of

it may be traced for another 300 yards upstream, and on the left bank of the river

vestiges appear strewing the granite surface. To the Snowy the terrace presents a

very steep face which at its northern end is 40 or 45 feet high, but owing to the

rising rock-floor dwindles to about 10 feet at the south. The component boulders are

up to six and exceptionally ten feet in length, but the material grades down through

pebbles to fragments i-inch in diameter. Among the boulders granite predominates,

but there is a good proportion of phyllitic quartzite and vein-quartz among the pebbles.

The boulders are rounded or subangular, but most of the pebbles are rounded and

some have the appearance of being glacially "soled", though no striated stones have

been found. The flner fragments extend down to the base of the deposit, but the real

matrix is granite-grit and silt. No stratification is seen. A thin layer of soil has

formed on the surface, which is smoooth and grass-covered.

Apparently the shallow basin carved out by the Snowy glacier during its advance

became later, during the retreat of the ice, a proglacial lake which was quickly filled,

partly with moraine and partly with bouldery and pebbly fiuvioglacial material. As
the ice continued to retreat upvalley the material reaching the lake became progressively

finer and more waterworn, and this gave a more or less even surface to the deposit.

The absence of layers of silt and clay suggests that the lake ceased to exist before

it reached the condition of a settling pool for fine suspended matter.

An accumulation considered to be of like origin but on a much smaller scale has

been noted on Club Lake Creek near the Clarke cirque, where the downstream barrier

has been a terminal moraine and a thickness of 15 feet is exposed; another but thinner

deposit is on the floor of Masson Creek behind a low breached moraine, and there is

one in the valley of Lower Spencer's Creek 500 yards from its mouth; others may be

seen in Upper Cootapatamba valley and in Upper Perisher valley. The proportion of

gritty matrix to boulders and pebbles is very variable.

What may be a remnant of a kame-terrace is to be seen at the junction of Upper
Betts' Creek with the valley that heads just south of Mt. Wheatley on the right bank
of the latter. The level-topped bank of relatively fine material, 20 feet thick, extends
up the tributary valley for some 300 yards from the junction and some distance down
Betts' Creek valley at an altitude of about 5,750 feet, and rests on a bench of solid rock
which is 20 or 30 feet above the fioor of the main valley. It seems possible that the

deposit was laid down in a temporary lake supplied by melting ice of the retreating

glacier in the Mt. Wheatley Creek and dammed against the glacier in the main Betts'

Creek valley.

Possible Phases of the Valley-Glaciation.

A number of the glaciated valleys give the impression of having been filled to

considerable depths with moraine material and having had part of the accumulation
subsequently excavated, sometimes without loss of the characteristic catenary profile.

A particularly good example is afforded by the valley of Lower Spencer's Creek, whose
floor to within |-mile of its mouth is entirely in moraine, which has been shown to be
more than 100 feet thick near where the Summit road crosses the creek. On the left

bank is a terrace of moraine whose top is 200 feet above the valley-floor; no corres-
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ponding terrace is seen on the right bank. In cross section the bottom of the valley-

is a typical catenary curve; this suggests rather strongly a valley carved out by a.

glacier, filled with moraine, and later re-excavated by another and smaller glacier. In
some valleys the moraine remnants are symmetrically disposed on either side, simulating;

stranded lateral moraines.

Again, it is found in many instances that the moraine which completely fills a
valley from side to side at its head stops rather abruptly downstream, producing a
steep fall or step in the valley-floor in moraine or in moraine resting on solid rock..

Also it is noticeable that the terminal moraines are as a rule small and low, and at a
much lower altitude than the moraine stranded on the valley-sides.

These features are perhaps most readily explicable on the hypothesis that the

recession of great valley-glaciers left thick deposits of ablation moraine, and that most
of this was subsequently removed and the valleys partially re-excavated during a later

glacial phase.

It has been thought (see above) that the David moraine is a remnant of the moraine

formerly filling Spencer's Creek valley. But this moraine contains within itself some
indication of earlier happenings. The occurrence of varve-clays halfway down in it,,

with thick moraine above and below, suggests that there was excavation and over-

deepening of Spencer's Creek valley by a glacier which on retreating left behind heavy

deposits of ground moraine, and that during the last stages of the recession a
proglacial lake was formed wherein fluvioglacial clays were laid down. A revival of

glaciation was in due course followed by recession and further heavy deposition of

moraine. Probably during the first and certainly during the second phase the ice

was thick enough for the Snowy glacier to overtop Charlotte's Pass and other cols in:

the Guthrie Range, bringing with it boulders of granitic gneiss and phyllite. It was
this thick filling of moraine that was excavated during a further revival of glaciation,,

and it was near the end of this final phase that the temporary moraine-dammed lakes

were formed and the varve-clays of Trapyard Creek laid down. Thus, if our interpreta-

tion of the phenomena is correct, there were at least three phases of the valley-glaciation..

It should be said that we regard this conclusion as to the multiple character of

the valley-glaciation as very tentative, and that the evidence for it has been observed

only in a very limited area; nevertheless it might well be borne in mind in any future

work. For instance, it may be found possible to discern traces of more than one
glaciated fioor in the Snowy valley, though postglacial erosion may have obscured these.

Low roches moutonnees with and without moraine boulders on top, as in Betts' Creek:

and Upper Perisher Creek, rising to as much as 100 feet above present valley-fioor

levels, may be remnants of earlier glaciated floors, and some significance may attach;

to the shoulders observed in the walls of Wilkinson, Mawson, Club and Chalet cirques^
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AUSTRALIAN RUST STUDIES. XV.

The Occurrence in Australia of Stem Rust of Rye, Puccinia graminis secalis E. & H.

By W. L. Watekhouse, The University of Sydney.

[Read 24th April, 1957.]

Synopsis.

The occurrence of stem rust of rye, Puccinia graminis secalis E. & H. on two grasses

growing in the Monaro region of N.S.W. is recorded and details given of its behaviour on

cereals and certain grasses. It is suggested that this area may play an important role in the

origin and spread of stem rust.

Stem rusts of wheat, Puccinia graminis tritici E. & H., and of oats, P. graminis

avenae E. & H., as well as those on certain grasses, have been studied in some detail

<Waterhouse, 1951, 1952*), but there has, been no record of stem rust of rye, P. graminis

secalis E. & H., occurring in Australia. It is well known in other cereal-growing

countries.

In the course of investigations of many hundreds of collections of stem rusts on

cereals and grasses, rye was sometimes found to be attacked by a stem rust. In these

cases it was usual to find only a rare plant or two in a crop showing infection. In all,

43 field infections of rye contributed to the 2948 cultures studied. Wherever possible

selfed progeny of such susceptible plants were studied further: their behaviour has

yet to be published. The rust reactions have been recorded in a previous paper (1952),

where it is shown that without exception the stem rust present was one of the well

known races of P. graminis tritici: 4 different races were represented in this total.

In June, 1947 a collection of grass rusts was submitted by Mr. A. B. Costin from

the Mount Kosciusko region of New South Wales. One was a stem rust of Hemarthria

uncinata R. Br., and another was present on Deyeuxia monticola J. Vickery. The usual

practice was followed of inoculating in the plant house seedlings of "Federation" wheat,

"Algerian" oats, "Kinver" barley, "Black Winter" (open-pollinated) rye, and perennial

rye grass.

On the accepted notation for rust infections, there were no infections on wheat,

none on oats, "2+" infections on barley, a mixture of "3", "2", and "0" infections on

rye, and nothing on rye grass.

Transfers of the "2+" barley inoculum gave similar results on the other four hosts,

as did the "3" inoculum on rye. The last-named susceptible reaction occurred on from

5 to 10 per cent, of the open-pollinated rye seedlings. Repeated attempts to infect wheat
seedlings from the barley and rye infections always failed. The presumptive evidence

was that the rust was P. graminis secalis.

During a period of very adverse conditions in the plant house these cultures

were lost.

In February, 1951, another collection of grass rusts from Mount Kosciusko was
submitted by Dr. Dorothy Shaw. Included was a stem rust on Deyeuxia monticola

J. Vickery. This gave similar results on seedlings of these five hosts just recorded.

At the time there was available in the plant house a culture of P. graminis secalis

E. & H. sent by Dr. T. Johnson of Canada, and it was found that this gave similar

results on seedlings of the five hosts.

The Kosciusko culture was maintained on susceptible rye and on barley seedlings

for a time, and later on Laguros ovatus L. and on Poa caespitosa Forst. which were

found to be very susceptible, and so were satisfactory parents for the rust. Certain

* Proc. Linn. Soc. N.S.W., Ixvi : 57-64; Ixxvii : 209-258.

Proceedings of the Linnean Society of New South Wales, 1957, Vol. Ixxxii, Part 1.
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barley varieties proved to be more susceptible than "Kinver", and were also used.

Inoculum vi^as thus available for determinative work.

Using a set of the rye stem rust differentials originally got from Minnesota and

maintained by mass inbreeding in isolated areas, the Canadian rust was found to be

race 3. The Kosciusko rust on each of the differentials—as well as on a culture of

tetraploid "Rosen" rye also maintained by mass inbreeding—gave a mixture of susceptible

and resistant reactions, varying through "3", "2", "1", and "O". Separation cultures

were made with a view to sorting out the particular races concerned, but these studies

were not completed, and therefore no details of the specialization can be given.

Tests were made with a number of grasses, with the results set out in Table 1.

Variation in the reactions shown by individuals within a species is well known (1951),

and therefore for the comparative work similar material was used.

Table l.

Comparisons of reactions on grasses shown by Canadian race 3 and the Australian stem rust of rye.

Reactions.

Grasses Tested. Australian

Canadian stem rust

Race 3. of rye.

Aegilops ovata L. . .

Agropyron scabrum Beauv.

A. trichophorum (Link.) Richt "0;" "0;" & "1"
A. velutinum Nees.

Agrostis alba L. . .

A. avenacea Gmel.

Arrhenatherum elatius (L.) J. & C. Presl. "X"
Bromus arenarius Labill.

B. Oussonii Pari. " 0;
" "3"

B. hordeaceus L. .

.

"3"
B. madritensis L. "3" "3"
B. racemosus L. "X" "3"
Briza maxima L. .

.

B. minor L.

Dactylis glomerata L. '•4" "1"
Ehrharta longifiora Sm. "1+"
Festuca elatior (Huds.) A. Gray
Hordeum bulbosum L.

H. leporinum Link. " 1
"

H. marinum Huds. . . . .
"1" "3"

Laguros ovatus L. . . . . . .
"4"

Lamarckia aurea (L.) Moench. .

.

"4" & "1

"

"4"
Lolium perenne L. . . . .

Phleum pratense L.

Poa annua L. " 0;
" "4" & "0;"

P. compressa L. .

.

Phalaris tuberosa L.

Vulpia bromoides (L.) S. F. Gray
F. Myuros (L.) GmeL . .

Discussion.

Rye has not been a very important cereal in New South Wales, but there has been
an increasing demand for its grain. The occurrence of stem rust in the Monaro region

may thus be of significance.

When sending the rust samples, Mr. Co'stin stated that he had noted the presence

of barberry bushes in the area. At that time of the year he found no evidence of rust

infection on any of them. The seasonal conditions in the Monaro more closely approxi-

mate to those in Europe and U.S.A. where the barberry plays an important role in

the origin and spread of rust than do those in other regions, and it is suggested that

further detailed studies should be carried out in this region.
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THE INHERITANCE OF SOME CHARACTERS IN EUCALYPTUS.
By L. D. Pbyor.

(Plates ii-iii; six Text-figures.)

[Read 24th April, 1957.]

Synojjsis.

The nature of the inheritance of some characters has been examined by studying open
pollinated progeny from naturally occurring- hybrids and from a few synthesized Fl hybrids.

Juvenile leaf shape, bud and fruit sliape in hybrids are found to be intermediate between the

parents. Likewise juvenile leaf anatomical features and some mature leaf features are inter-

mediate. There is evidence of independent assortment and recombination in several characters.

Lignotubers are an inherited character capable of a degree of recombination. Vigour of growth
in PI hybrids in the series studied is for most combinations inferior to that of the parents, but

improves the more closely the parents are related in the systematic sense, culminating in

probable positive heterosis between closely related species. Very irregular rate of growth in

different individuals is a feature of hybrid progenies as compared with progeny of pure species.

Eucalypts are generally long-lived trees whicli mostly commence flowering after

reaching five to ten years of age. The study of inheritance in the genus is therefore

a rather slow affair, but it is aided by the occurrence in the field of natural hybrids,

progeny from which gives some indication of the kind of inheritance of various

characters. Conclusions derived from such material lack some of the precision which

goes with the study of pedigreed stock, and at different points the conclusions derived

by this means must await (for more rigorous demonstration) the support which will

ultimately come from such study. In a few cases Fl hybrids have been synthesized,

but up to the present no F2 population has been described.

Character Inheritance.

It is clear, as Stebbins (1950) says of woody plants in general, that characters

which are used in diagnosis of Eucalyptus are determined usually by multiple factors,

and it is much more common in segregating populations derived from hybrids to find

characters in a graded series between either parent than it is to find the simple

Mendelian ratios in distinctly separated characters. Aspects of the inheritance of some

characters of this kind have already been described, as, for example, infiorescence,

anther shape, resistance to leaf-eating insects and wood and bark characters (Pryor,

1952, 1953, 1954; and Pryor, Chattaway and Kloot, 1956). The same applies to juvenile

leaves, which are often very distinct in Eucalyptus from species to species, though the

leaves of the mature plants may be much more nearly similar. Juvenile leaves can

be secured in the first six to twelve months after sowing, so that a good deal of

information can be derived readily from examining these.

In this study, most of the information is from progeny raised from open pollinated

capsules from naturally occurring suspected hybrids, and in a few cases from B-^"thesized

Fl hybrids.

Juvenile Leaf Shape.

Juvenile leaf shape is easy to measure and can be expressed in many cases satis-

factorily by the ratio of leaf-length/leaf-breadth. A good many species have orbicular

juvenile leaves, whereas others have lanceolate to narrow-lanceolate juvenile leaves. In

a few cases Fl hybrids have been examined, and in the case of E. cinerea x E. Blakelyi

and E. Maideni x E. ruMda it is found that if the length-breadth ratio is transformed

to a logarithmic scale, the mean of the Fl hybrid is intermediate between that of the

means of the two parents. Barber (unpub.) has found the same for the Fl E. Risdoni

X E. salicifolia in Tasmania. If this relationship proves to be general, it may provide

Proceedings of the Linnean Society of New South Wales, 1957, Vol. Ixxxii, Part 1.
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a simple metrical basis from which a number of inferences can be drawn about

hybrid material.

If leaf shape is assumed to be based on a multiple factor pattern, members of a

hybrid swarm may be presumed to be near one or the other parent according to the

way in which the leaf shape approaches that of either parent. Also, when an occasional

anomalous leaf shape is found in one or few individuals in Eucalyptus progenies which
are otherwise uniform, the probability of its being an Fl or, alternatively, the result

of recovery of an infrequent gene combination from a heterozygote, can be gauged by

the extent to which the leaf shape corresponds with or departs from the mean shape.

Juvenile Leaf Anatomy.

While the mature leaves of many Eucalyptus species are comparatively uniform,

the juvenile foliage, as mentioned above, differs greatly between various groups of

species. Amongst the most striking of these are the species which are markedly

heteroblastic, of which E. Maicleni is an example. Juvenile leaves of this species have,

in contrast with the mature leaves, two very distinct anatomical characters: Firstly,

the leaf is markedly dorsiventral with palisade layers adjoining the upper surface, and

loose more or less spongy mesophyll towards the lower side. Secondly, there are no

stomata on the upper surface, but they are plentiful on the lower surface.

Table 1. Distribution of stomata.

Species.

Approximate Number of Stomata

per Millimetre'^.

Upper Epidermis. Lower Epidermis.

E. rubida Juvenile

E. rubida xE. Maideni Fl Juvenile

E. Maideni Juvenile

E. fastigata Mature

E. fastigata m E. pauciflora Mature

E. pauciflora Mature

E. Robertsoni Mature

160

130

nil

95

130

125

180

190

295

250

230

195

150

285

In contrast with this, three species with which Fl hybrids with E. Maicleni have

been obtained, namely E. Blakelyi, E. rubida and E. cinerea, though heteroblastic in

their foliage, have juvenile leaves which are isobilateral and have stomates more or

less equally on both surfaces.

The Fl hybrids of each of these species with E. Maideni were examined. It is

found that there is a partial development of spongy mesophyll tissue which, however,

is not as marked as in the E. Maideni parent, and that there are some stomates in

each case on the upper surface, although the number is considerably less than that on

the lower surface. The results of stomatal counts for one combination are set out in

Table 1. The counts have not been made elaborately, but give a general indication

of the position. It will be seen that in these characters the Fls are approximately

intermediate between the two parents.

An anatomical examination of the juvenile leaves has also been made with a

segregating population derived from a hybrid the putative parents of which are

E. pauciflora and E. fastigata. E. pauciflora is, anatomically a distinct species since it

has thick coriaceous leaves, whereas by comparison E. fastigata has much thinner leaves.

E. pauciflora has palisade tissue only, which usually consists of about eleven layers of

cells from top to bottom, whereas E. fastigata has five or six cells including a certain

number of more or less isometric cetls in the centre. The segregates are intermediate

and graded between either parent in this respect. The cross-section of the stomates is

also interesting. In E. pauciflora they are deeply sunken with a deep chamber formed

by the thick cuticular layer of the leaf, whereas in E. fastigata this is seen as a very

slight depression with a relatively wider opening. In the segregates examined there
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is a gradation in these characters (Text-fig. 1). In the juvenile leaves there is the

same general pattern of variation (Text-fig. 2).

Another character in which there are differences is the number of epidermal cells

surrounding the stomates, which is regularly four in the case of E. fastigata, and seven

or eight in E. paucifiora. Again, in the segregates, while there are some with four,

there are some intermediate and others with numbers up to those of E. -pauciHora

(Text-fig. 3).

The proportion of stomata, upper to lower surface, is intermediate in the hybrids,

as in Table 1. It should be noted that in this particular progeny there was some
morphological sign of E. Robertsoni in one or two individuals. In raising such hybrid

progeny sometimes evidence is found of a third species in addition to the putative

parents. The explanation for this is not yet certain, and there is more than one

possibility. Because of the appearance of this additional species in the progeny (even

TXJ-

Text-fig. 1.—Cross-sections of mature leaves of E. pauciflora, E. fastigata and
combinations.

6, E. paucifiora. Note tlie deep chamber in the cuticle formed by cuticular material above
the guard cells. 7, A hybrid E. fastigata x E. paiiciflora approximately intermediate between
the two. 8, E. fastigata. 9, E. Robertsoni, which differs little from E. fastigata except in

having- on the upper side an extra layer of cells in the palisade.

though faintly), it seemed desirable to examine the comparable characters of

E. Robertsoni at the same time, as a possible contributing parent. This disclosed that

in the points considered E. Robertsoni differs scarcely at all from E. fastigata in the

juvenile leaves, and therefore the characters found in the segregates were intermediate

between the characters jointly shared by E. fastigata and E. Robertsoni on the one hand
and E. paucifiora on the other, the E. paucifiora characters being quite distinct from

both. This evidence suggests that a number of anatomical characters are blended

in their inheritance and follow a multiple factor pattern.

Lignotubers.

Kerr (1927) described lignotubers in a number of species of Eucalyptus and con-

cluded, contrary to earlier views, that these protuberances were not pathogenic, but

organs which were possessed by most species. From her study it was also shown that
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they are concerned with food storage and regeneration. Some species are known not

to have lignotubers. According to Lane Poole and Millett (unpublished) these are a

small minority, but they are distributed throughout several systematic groups of the

genus.

Lignotubers usually first appear as woody sub-spherical protuberances in the axils

of the cotyledons. Often, supplementary pairs appear in the axils of the first, second

and even later pairs of leaves. With growth these coalesce, and they may produce a

somewhat distinctive form (Jacobs, 1955), though the initial shape is lost. As the

tree grows to sapling or pole size, the tuber is generally covered by stem and root12 3 4 5

Text-fig. 2.—Cross-sections of juvenile leaves of E. pauciflora and E. fasticiata.

1, E. pauciflora. 2, A segregate from E. paucifiora and E. fastigata near to E. pauciflora.

3, A segregate from E. pauciflora and E. fastigata closer to E. fastigata. 4, E. fastigata. 5,

E. Rohertsoni.

Text-fig.

1, E. pauciflora. 2,

3.—Arrangement of epidermal cells around stomates.

E. pauciflora x E. fastigata. 3, E. fastigata.

tissue and remains no longer distinguishable. In the case of species not forming

lignotubers, the hypocotyl becomes somewhat thickened and "carrot-like", but the bud

structure remains as for a normal stem without lignotubers, that is, bud traces persist

and grow outwards from the axil of origin. Shooting from these buds, if induced by

damage to the top, is much weaker than from the lignotuber.

A number of hybrid combinations exist naturally in which it is possible to test,

in some degree, the extent of genetic' control of this character.

Open pollinated progenies were raised from naturally occurring hybrids between

E. gigantea and E. Rohertsoni; E. fastigata and E. pauciflora; E. fastigata and

E. Rohertsoni and E. camaldulensis and E, viminalis, the first mentioned species of

each pair having no lignotubers.
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In progenies from these combinations lignotubers appeared occasionally in recom-

bination with characters which were derived from the species without lignotubers.

One of the best examples of these was from E. gigantea x E. Robertsoni. One individual

had most of the outward characters of E. gigantea in the seedling stage (about 14 pairs

of leaves) in having strongly petiolate, alternate, slaty-coloured leaves which were

twisted through 90° into the vertical plane, which is a striking E. gigantea character.

At the same time, it had strongly developed lignotubers, which are entirely absent

from pure E. gigantea (Plate ii, fig. 1).

In the E. paucifiora x E. fastigata and the E. fastigata x E. Rohertsoni segregates,

the lignotubers recombined in some individuals apparently independently of other

morphological characters, indicating a similar genetic control. The same condition was
found in a progeny from E. camaldulensis x E. viminalis.

The fact that recombination is possible between the lignotubers of one species

and morphological features of the other indicates that this character is heritable. It

is apparently under rather simple genetic control. It also explains the reports

occasionally received that individuals of one species which is commonly without ligno-

tubers are found with Avell-developed lignotubers.

In one or two of the recombinants (if dissociated from their progeny sibs) it would

be difficult to discern any phenotypic sign of inheritance from the species with

lignotubers, apart from the tuber itself, and therefore it could easily be assumed,

if looking at an isolated individual, that it was an example of the anomalous occurrence

of a lignotuber in a species normally without them.

Extreme recombinants are rather infrequent in most of the progenies; the tendency

is for those individuals having a preponderance of characters derived from the

lignotuber-bearing parent also to have lignotubers, and the converse. This suggests

that while recombination is possible there is also a degree of linkage or similarly acting

factor which favours the recovery more often of combinations like the parental types.

The number of individuals in the progenies is too few, and knowledge of their

pedigree at present inadequate, to take the study further with the existing material.

Bud and Fruit Shape.

Buds are known from a few Fl hybrids. Two examples are E. Maideyii x E. rubida

and E. Maideni x E. Mcostata. In the first of these the bud shape and size is inter-

mediate between that of the two parents. In the case of E. Maideni x E. hicostata

the buds again are intermediate in many characters—for example, the peduncle is

considerably shorter than is normal in E. Maideni and, although flattened, is not so

extremely flattened. The operculum is more rugose than in E. Maideni but less so

than in E. Mcostata. The size is also approximately intermediate (Text-fig. 4). Mature

fruits have also been obtained in the Fl E. Maideni x E. rubida, and these are inter-

inediate both in shape and size between the two parents. In segregating populations

an example of the gradation which can be found in different individuals for buds is

shown in Text-figure 5 for E. macrorrhyncha x E. Rossii, and while only a few selected

examples have been chosen for illustration, the gradation can be made almost as fine

as one chooses by taking enough individuals. Variation in fruit size between E. inaeulosa

and E. elaeophora is also illustrated in Text-figure 6, where the position is the same.

Vigour of Growth.

There is well-known evidence from many groups of plants and some tree species to

show that growth in some Fl hybrids is more vigorous than either of the parents,

while in others it is approximately intermediate between the two parents, and in still

others It is less vigorous than either parent. Positive hybrid vigour is of particular

interest because of the great practical benefits which may follow from it. In the case of

synthetic Fls, a comparison is available between E. Maideni x E. bicostata at five years

of age with E. Maideni x E. Maideni. The hybrid shows 12% better growth assessed

on height than the E. Maideni parent. The second parent was lost and no comparison
could be made with it at this age. In the reciprocal cross, E. bicostata x E. Maideni

at four years of age, the hybrid js 20% better than the E, bicostata parent, again
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assessed on height. Likewise, the second parent was lost. These data are summarized
in Table 2.

It may be concluded, therefore, that at least as far as early height growth is

concerned, there may be distinct positive heterosis in Fl hybrids in comparison with

either parent. The material is too scanty and it is too early to forecast how great

this may be and whether it will extend to volume growth. Moreover, the effect of

inbreeding has not yet been tested.

Text-flg. 4.

1, E. bicostata. 2, E. Maideni. 3, E. bicostata x E. Maideni, showing the bud shape.

Text-fig. 5.

1, Buds of E. macrorrhyncha. 2, Buds of E. Rossii. 3, Buds of segregates from E.

macrorrhynclia x E. Rossii.

However, clear evidence is available from a series of hybrids with E. Maideni to

show decided lack of vigour in some hybrid combinations. E. Maideni x E. ruMda is

vigorous and apparently comparable with both parents, which differ little in their

vigour in early growth under cultivated conditions. E. Maideni x E. cinerea is inter-

mediate in growth between the- two parents. On the other hand, E. Maideni x E. Blakelyi

lacks vigour, and after four years most of the individuals of a population of about

thirty have died, and the remainder are slow growing and relatively unthrifty. In

the case of the Fl, E, Maideni x E, Mdoarthwi, of which only four were obtained, still
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more extreme lack of vigour is found, and all plants died in their fourth year. It is

seen from Table 3 that so far as the data will allow deductions, the closer, in the

systematic sense, the species involved in the cross, the better the hybrid growth.

Relatively wide crosses, such as E. Maideni with E. Blakelyi or E. Maideni with

E. Macarthuri, have poor viability.

Another combination is also available for comparison which shows a similar trend.

The cross E. Blakelyi x E. cinerea has produced individuals which at five years of age

are as fast as the slower-growing parent, E. Blakelyi. On the other hand, the Fl

Table 2.

Number of

Trees.

Average Height,

(ft.).

Sig. of

Difference.

E. Maideni xE. bicostata, Fl 5 years old

E. MaidejiixE. Maideni, 5 years old

61

34

1506
13-42 0-01

E. bicostataxE. Maideni, Fl 4 years old

E. bicostata x E. bicostata, 4 years old

37

44

8-82

7-38 005

E. Blakelyi x E. rubida, of which there were only two plants, is quite unthrifty and

after five years barely alive, surviving only by successive shooting after dying back

to the lignotuber.

Some additional information is available from progenies raised from suspected

hybrid trees following open pollination. It is a characteristic of most of these that

where there is marked segregation of juvenile leaf characters (as well as other

characters disclosed at a later age) there is marked irregularity in the growth of the

' \'-f

55 ?S

fiy-

80

. \n

-T
--^

3Z ' m

36 37 39 40

Text-fig. 6.

51-53, Buds and fruits of E. elaeophora. 75-77-80, Buds and fruits of E. maculosa.

Buds and fruits of segregates from E. maculosa x E. elaeophora.

30-40,

individuals as compared with progenies from single trees of species which are

apparently genetically pure (Plate ii, fig. 2). In some cases there has been production

of a rather high number of dwarfs; for example, E. viminalis x E. Cordieri has produced

some individuals which have reached 23 feet in four years under cultivated conditions,

but there were others in the same progeny which, though apparently quite healthy,

reached only two feet in the same time (Plate iii). These have a very distinctive form,

and this is repeated on a number of occasions within the progeny. The dwarfs

presumably arise from poorly viable gene combinations which segregate in progeny
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from a hybrid. Other examples from different parental combinations have shown
similar, if not quite such extreme, results.

In a progeny from a supposed E. Blakelyi x E. cinerea hybrid there is again

substantial variation in height, the variance being considerably larger than is commonly
the case with a similar progeny from a tree of one of the pure parent species. In pure

species there are occasional unthrifty or dwarf individuals, but these are at a much
lower frequency than is characteristic of many hybrid populations.

The occurrence of a rather large number of dwarfs, or of a relatively large number
of rather unthrifty individuals in the hybrid progenies where this condition is less

extreme, seems comparable with the situation described by Clausen (1951), in which

this feature is taken to indicate the development of a degree of isolation by the

emergence of partial breeding barriers, and is indicative of a good deal of progress in

the development of a species.

From the material available for Eucalyptus it is clear within the group studied that

the vigour of the Fl hybrids is proportional to the difference, as expressed by the

Table 3.

Survival at Five Years of Age.

Cross. Growth.

Planted. Alive.

E. Maidenly. E. bicostata. Better than either parent. 61 61

E. Maidenly. E. rubida. As good as E. Maideni parent (E. rubida parent

not available for comparison).

42 42

E. Maidenl y E. cinerea. As good as E. Maidenl parent {E. cinerea parent

not available for comparison).

6 6

E. MaldenixE. Blakelyi. Much inferior to either parent. 26 6

E. Maidenly E. Macarthuri. Much inferior to either parent. 4

E. Blakelyi y.E. cinerea. Equal to growth of £. Blakelyi (the slower parent). 17 15

E. Blakelyi xE. rubida. Much inferior to either parent. 2 2'

^ Coppicing from ligno-tuber.

appropriate part of the systematic scheme of Blakely, by which species are separated

one from the other. The extent to which this will apply through the whole genus
cannot, of course, be assessed until much more is known of the growth of synthetic

hybrids.

There is an indication from field studies that hybrids between some species,

especially those which are rather closely related, are if anything more vigorous than
either of the parents, at least in height growth in their early stages. There is also

frequently some indication, because of the number of well-grown but "stag-headed"

trees of this kind that are often found, that they are shorter lived than either of

the parents. It may well be that this increased vigour is associated also with shorter

life, and field observation suggests this (Plate ii, fig. 3), but experimental evidence
is yet needed to support this view.

Little is known of the position with crosses between species which do not occur
within pollinating distance in the field. One of these, E. cinerea x E. robusta, which
has been described elsewhere (Pryor, 1955) is at least intermediate in vigour between
the two parents after one year, and may yet prove to be more vigorous than either.

The question of hybrid vigour is scarcely investigated as yet, but there are

indications of useful possibilities. Apart from the theoretical value of knowing the

results of various crosses, the practical consequences are great, and considerable study
is warranted in this field.
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EXPLANATION OF PLATES II-III.

Plate ii.

Fig. 1. Left : E. gigantea—an individual from the pure species. Right : A segregate in a
progeny from a natural hybrid of E. Robertsoni x E. gigantea. Note the two pairs of
lignotubers on the base of the plant, which, however, differs only slightly from E. gigantea^

having somewhat alternate, petiolate leaves which rather closely resemble those of E. gigantea.

Fig. 2. Showing uniform growth frequently characteristic of pure species, in this case
E. aggregata.

Fig. 3. A hybrid between E. pauciflora and E. dives in a clump of regeneration probably
even-aged. The tree at the rear is phenotypically close to E. dives. It is slower-growing and
more viable than the hybrid which at about 25-30 years of age is about to die.

Plate lii.

1, Segregate of E. Cordieri x E. viminalis close to E. Cordieri. 2, Segregate from the same
combination close to E. viminalis. 3, A segregate intermediate between the two parents and
intermediate in vigour. 4, A poorly viable segregate from the same combination.
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CULEX PIPIEN8 AUSTRALICUS DOBROTWORSKY AND DRUMMOND
IN NEW CALEDONIA.

By Elizabeth N. Maeks,
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and J. Rageau,

Institut Frangais d'Oceanie, Noumea.

[Read 24th April, 19 57.]

Synopsis.

This is the first record of Ci). australicus outside Australia. New Caledonian larvae have a

longer siphon than Australian specimens, which suggests that the species is not a recent

introduction.

Dobrotworsky and Drummond (1953), in describing Culex pipens australicus, stated

that it was widely distributed in Australia, but as far as was known did not occur

elsewhere. One of us (J.R.) collected larvae resembling australicus from rock pools in

a stream bed near the bridge crossing the Ba River near Houailou, on the east coast

of New Caledonia, on 9.vi.l955. These were associated with larvae of Culex cheesmanae

Mattingly and Marks and a species allied to Culex pacificus Edwards which is being

described elsewhere (P. F. Mattingly and J. Rageau, in press). A second collection in

the same area on 13.vii.l955, from rock pools at Cascade de Ba, comprised Culex fatigans

Wied. and larvae resembling australicus, and adults bred from this lot included one

male and three females which have been identified (by B.N.M.) as Culex pipiens

australicus Dobrotworsky and Drummond.
The New Caledonian specimens show some differences from the original description

of C.jJ. australicus. The male has wing length 2-8 mm. and 16-20 long hairs on the shaft

of the palps (wing length 4-0 and 29-50 hairs in australicus) . The reduced number of

hairs is probably associated, at least in part, with the small size of the specimen, since

a male from Samford, Queensland, with wing length 3-2 mm. has 25 hairs on the

palp shaft. Terminalia of the New Caledonian male are indistinguishable from

Australian specimens. Twelve New Caledonian larvae have a siphonal index of 5-8-7-0

(4 -4-6 -4 in australicus); the siphon is straight but this is also the case in some
Queensland specimens. In other characters they closely resemble australicus, though

Ibead hair B in one specimen is 7-branched and the fourth ventral siphonal tuft sometimes

4-branched.

In New Caledonia, larvae of Cp. australicus can be distinguished by the long siphon

from C. fatigans, and by the four pairs of ventral siphonal tufts from C. sp. near pacificus,

which has three pairs. Larval antennae of the three species are also distinctive, the

length of the antenna of C.p. australicus being 0-56-0-63 mm., of C. sp. near pacificus

\)-48-0-50 mm., and of C. fatigans, 0-41-0-44 mm. This relative difference in antennal

length is useful also in separating Australian specimens of C.p. australicus and

•C. fatigans.

The longer siphon of the New Caledonian race of C.p. australicus suggests that

it has been isolated for some time and is not a recent introduction from Australia.

Cross breeding experiments between it and the Australian race would be of considerable

interest.
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1, Eucalyptus gigantea and E. Rohertsoni x E. gigantea; 2, E. aggregata
3, E. paucifiora x E. dives.
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CROSS-STRATIFICATION AND OTHER SEDIMENTARY FEATURES
OF THE NARRABEEN GROUP.

By Keith A. W. Crook, The University of New England.

(Plate v; seven Text-figures.)

[Read 29th May, 1957.]

Synopsis.

Sedimentary structures, particularly cross-stratification, in the Narrabeen Group are
described. Inferred current directions suggest a north-westerly source for western units, and
a north-easterly to easterly source for the eastern. Brief notes on petrography and sedimentation
are included. An attempted reconstruction of the depositional setting indicates three probable
sources : north-west, north, and north-east.

INTEODUCTION.

The Narrabeen Group consists of lithic sandstones and green and red-brown shales,

with grey shales and quartz-rich sandstones in the upper part. It is the lowest Triassic

unit in the Cumberland Basin of central eastern New South Wales.

The Group is subdivided into a number of Formations (Hanlon et al., 1954; Crook,

1957). Osborne (1948) has dealt with certain of the sedimentary structures, and
Walton and Bonney (1906), Hanlon et al. (1954) and Crook (1957) have given descrip-

tions of some of the rock types present.

Some further information on these two aspects is incorporated in this paper, but

it is obvious that there remains a vast amount of work to be done. The Cumberland
Basin undoubtedly represents one of the most accessible and interesting sedimentary
provinces in Australia, a detailed study of which will prove very rewarding.

Text-fig. 1.—Types of Planar Cross-stratification. A, Straight cross-strata ; B, Flexed

cross-strata ; C, Curved cross-strata.

Text-fig. 5.—Locality map, with arrows indicating general directions of current flow at the

localities examined.

Sedimentary Structures.

(a) Cross-stratification: Ripple cross-stratification (McKee, 1939) is rather wide-

spread, although it may be easily overlooked. It is generally small scale, the individual

sets being one inch or less in thickness, and is particularly prominent in the ortho-

Proceedings of the Linnean Society of New South Wales, 1957, Vol. Ixxxii, Part 2.
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quartzites on the eastern edge of the southern rock-platform at Long Reef and elsewhere,

and is also seen within the sandstones of the Gosford Formation at Hole-in-the-Wall,

north of Avalon.

More obvious and widespread are the larger-scale types. Of these the planar type

(McKee and Weir, 1953) is most abundant. In general the sets are tabular, although

some may be wedge-shaped. Internally, the cross-strata may be straight (PI. v, fig. 1;

Text-fig. la); straight with a slight flexure at the base (PI. v, fig. 2; Text-fig. lb);

or smoothly curved, concave upwards (PI. v, fig. 3; Text-fig. Ic).

The obvious morphological differences between the straight and curved varieties

are paralleled by differences in certain of their parameters which are derived from data

in Table 1. Insufficient examples of the flexed variety have been examined to permit

a statistical study.

Table 1.

Data on Cross-Stratification.

Dips

to °.

Max. Dips Max. Dips Max.

At °. Thick. Type. to °. At °. Thick. Type. to °. At °. Thick. Type.

Locality A.

ft. in. ft. in. ft. in.

165 20 4 c tr 164 20 10 c t 152 26 6 t

218 14 2 6 c t 111 26 10 c t 147 27 3 s t

171 21 2 ?c t 134 15 5 f t 208 ^8 1 s t

162 5 3 6 c t 159 19 2 f t 219 :4 6 f t

222 22 2 s t 41 15 9 c tr 168 22 6 s t

241 18 2 9 f t 210 25 1 c t 264 18 3 6 c t

173 22 3 f t 198 23 6 c t 229 28 2 s t

Locality B.

178 23 1 9 f t 163 15 2 f t 268 C 2 ?c t

158 21 1 2 s t 197 22 1 •? s t 139 14 1 6 ?c t

139 19 ? 2 ? s t 140 22 4 s t 292 12 2 10 c t

155 21 2 8 s t 155 16 4 s t 200 20 1 2 c t

229 28 1 c t 182 37 4 3 s t 190 22 4 7 f t

232 Ti 1 2 t 119 19 3 4 c tr 107 27 2 f t

177 IP, 5 3 ?s t 44 14 1 6 c t

Locality C.

48 26 3 6 c t 200 20 1 3 •?c t 141 27 1 6 s t

91 22 5 4 ?s t 112 13 4 c tr 140 15 2 f t

138 24 1 ?s t 113 22 2 ?c t 110 21 2 3 s t

146 23 2 2 s t 174 24 1 c t 338 24 1 10 c t

172 28 1 ?s t 168 19 2 ?c t 223 20 10 s t

123 23 2 s t 165 24 2 c t 140 21 ?4 s t

110 24 1 7 - s t 1C4
1

22 3 c t

Locality D.

89 26 3 f t 04 22 3 7 s w 92 20 6 f t

92 20 5 s w 81 , 24 2 3 s tr 100 19 4 ? c tr

118 21 4 s 15 20 1 4 s 109 23 7 ? c tr

115 22 1 1 s 50 25 1 3 s 135 21 5 s t

108 22 9 f tr 49 21 1 9 f w 10 24 3 c tr

49 15 11 c 80 '17 1 4 s tr 72 19 3 2 s w
9] 22 1 4 f 84 25 13 c tr 47 22 9 s t

334 25 1-2 c tr 107 17 8 c 69 23 1 2 s t

31 25 8 c tr 111 20 10 c 139 27 9 c t

28 22 6 s 99 22 9 s 95 23 5 f w
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Table l.

—

{.Continued).

Locality E.

Dips Dips Dips Dips Dips

to °. At °. to ". At °. to °. At °. to °. At °. to °. At °'.

204 16 214 15 108 19 265 12 170 10

273 20 305 25 270 13 230 8 186 18

12 25 204 11 225 21 325 15 250 16.

255 19 345 11 220 21 342 6 307 13;

227 16 245 9 165 13 244 17 264 18.

183 19 265 18 175 14 122 13 175 18-

305 11 260 18 104 19 123 14 230 16;

152 15 295 17 209 17 180 10 150 17

266 10 185 11 105 17 162 14 293 12

138 24 286 16 110 17 76 18 188 18

143 23 120 11 283 15 148 14 335 6

140 20 255 22 103 19 261 15 162 11

214 15

c = curved.

s = straight.

f= flexed.

t= tabular,

w = wedge-sliaped.

tr = trough-shaped.

Locality A
LocaUty B
Locality C
Locality D
Locality E

Grose Sandstone, junction of Grose River and Burralow Creek.

Grose Sandstone, 619463 Windsor One Mile Military Sheet.

Grose Sandstone, Wheeny Gap, 627617 St. Albans.

Gosford Formation, South Palm Beach.

Bulgo Sandstone, Garie Beach, between 068(- 5)791 and 061(- 5)781 Poi1:

Hacking.

The thickness frequency distribution (Text-flg. 2) is log-normal for the straight;

variety, but shows only a poor approximation to log-normal for the curved. Their

statistical parameters are shown in Table 2. It will be noted that the coefficients of

variation are 72% and 53% respectively. The latter value is closely similar to that

obtained by Schwarzacher (1953) from the Lower Cretaceous of East Anglia (54%).
Since the coefficient of variation, v, and the variance ratio, F, are both functions of

the mean, the range, and the number of readings, an estimate of the significance of the

2 3 4 5

LOG. SET THICKNESS IN FEET

^
ANGLE

2^ ^'W
OF DIP

4^

Text-flg-. 2.—Thickness frequency distribution of planar cross-stratification. Note the close
approximation to log normality shown by the curve for the straight variety.

Text-fig. 3.—Frequency polygon showing distribution of dip angles of planar cross-strati-
fication. Note prominent maximum in curve for straight variety.

differences between the values of v for the two varieties can be obtained by determining
F by means of Snedecor's F-test (Moroney, 1953, p. 234). This test shows that the
probability of the two samples coming from different populations is extremely higli

(F = 3-05, the degrees of freedom being—greater 34; lesser 27). Since F is significantly-

high, the difference between the values of v is significant. The distribution of dip
angles for the two varieties differs markedly (Text-fig. 3). The straight variety shows,
a strong maximum in the 21°-25° class, and possesses higher minimum and maximum
limits (16° and 37°) than the curved variety (5° and 28°). The distribution for the-

curved variety is nearly normal and lacks a pronounced maximum.
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Ihe combined evidence of differences in morphology, thickness frequency distri-

bution, and dip angle frequency distribution suggests that the two varieties result

from differences in the depositing currents. The formation of the curved variety has

been observed experimentally. It is due to slumping of the cross-strata on the face of

the advancing micro-deltas (Smith, 1909; Nevin and Trainer, 1927; McKee et al., 1953),

and also to the carrying on of grains by the current (N. & T., 1927).

Table 2.

Thickness Frequency Distribution Parameters of Planar Cross-stratification.

Parameter. Symbol.

Curved

Variety.

Straight

Variety.

]!^umber of readings

Aritlimetic. mean thickness . .

Standard deviation

Coefficient of variation

X
s

V

28

1-65 ft.

0-874

53%

35

2 135 ft.

1-533

72%

The mode of formation of the straight variety is less obvious. Clearly no slumping

of the cross-strata has occurred. This may be due to grainsize distribution, or to a

rate of deposition such that buttressing by later cross-strata occurred before slumping

had time to set in. The distribution of the angles of dip suggests deposition slightly

below, at, or above the maximum angle of repose of the sediment, with no opportunity

for subsequent modification. As the tendency to slump increases with increasing angle

of repose, the latter alternative suggested above—fast deposition—probably operated.

Text-flg. 4.—Rose diagram (10° interval) showing distribution of cross-stratification

directions. Shortest rays indicate one reading. Localities A-E, see Table 1.

The thickness frequency distribution indicates that larger volumes (or depths) of

water and sediment tend to be involved than in the case of the curved variety. The

large volumes of water and sedimenf involved, and the fast rate of deposition require

high current velocities, which, would decrease, with ensuing deposition, on reaching

any bodies of standing water. Since set thicknesses may be as great as 20 feet

(Potter, 1955), and since McKee et al. (1953) have shown experimentally that planar

cross-stratification requires currents of constant velocity and bodies of standing water,
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it is likely that the straight variety is formed by sudden high velocity sheet flows.

These would result from the bursting of levee banks, or, on a smaller scale, from the

breaching of pools. The curved variety would result from more leisurely sheet flows,

or ones containing smaller quantities of coarse sediment, either case allowing time

for slumping.

The data incorporated in Table 1 were also analysed to determine the mean direction

of flow of the depositing currents. The results, plotted as rose diagrams, are shown
in Text-fig. 4. Text-fig. 5 (p. 157) shows the localities at which measurements were made,
and the general directions of flow. The directional data are replotted after the scheme
of Tanner (1955) in Text-fig. 6. Octants containing a significantly large number of

readings (> mean (X) + standard deviation (S)) are dark, and those with a signifi-

cantly small number (< X - S) are left blank. Those with > X + iS are checkered

and those with < X - iS are spotted. Arrows indicate minima and are considered
by Tanner to give the direction of land. All patterns are of the type Tanner finds

characteristic of fluvial deposits. Note the symmetry in each diagram.

12 27

Z-61
X=7-5
S =845

Text-fig-. 6.—Replot of data in Table 1 after scheme of Tanner (1955). Locality A:
Composite for Grose Sandstone Localities ; Loc. B : South Palm Beach ; Loc. C. : Garie Beach.
Figures peripheral to circles indicate number of readings in each octant, s—total number of

readings ; X—average number of readings per octant ; S—standard deviation. For further

explanations see text.

Interpreting, the Grose Sandstone was derived from land situated to the north-west,

with a minor component from the north-east. The Gosford Formation at Palm Beach

shows an easterly direction of current flow, with possible land to the west. The Bulgo

Sandstone at Garie shows a dominantly south-westerly current flow, with possible laud

to the north-east.

Other varieties of planar cross-stratification occur, the most prominent being what
might be termed "graded cross-stratification". This is characterized by alternating

coarse and fine grained strata in each set. These may be coarse and fine sand, as in

the Grose Sandstone, and sandstones in the Wombramurra Shale south of Coalcliff,

or of sand and gravel, as in the Bulgo Sandstone at Garie. The strata within the sets

are generally curved, but some with straight strata are known.

Although not common, two varieties of what Reiche (1938) jocularly described as

"furious cross-stratification", i.e. cross-stratified cross-stratification, have been

encountered. The first (PI. v, fig. 4) consists of a co-set of thin tabular sets in which
the boundary planes of each set are inclined at an angle to the true dip of the

neighbouring strata. This may be caused by slight irregularities in the slope of the

surface on which the co-set was deposited. The second variety consists of a set in

which certain of the cross-strata were themselves cross-stratified, resulting in a steeply

inclined set of cross-strata the bounding surfaces of which are themselves cross-strata.
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Sets with pebble concentrations along their base or top have been observed. Also

sets of sigmoid cross-strata, long held to be the uneroded equivalents of sets of curved

cross-strata (Text-flg. Ic) are met with, sandstones of the Gosford Formation at

Hole-in-the-Wall providing some good examples.

The trough type of cross-stratification (McKee and Weir, 1953) occurs less

frequently. Sets may be up to four feet in maximum thickness. In plan they have

a semi-elliptical outline, truncated at the wide end by other sets. Lateral dimensions

vary widely, some sets attaining a length of 15 feet along the longest axis. Internally

the strata may be curved or straight, the former being more common. Generally the

sets occur in groups, or co-sets, in which case the individual sets are less than one foot

an thickness (PI. v, fig. 5).

The above types of cross-stratification are similar to those recorded from fluviatile

•deposits elsewhere, as will be shown in another place. This accords well with estab-

lished ideas on the origin and depositional environment of the Narrabeen Group.

(6) Shimp StrucUires and ''Rolled Bedding". Slump structures, as far as has been

observed, are restricted to the Gosford Formation. Doubtless they occur elsewhere

in the Group but have passed unobserved. They seem absent from the sequence In the

'Grose River District, and also from the Bulgo Sandstone at Garie. It is possible that

their apparent absence from other units reflects the true state of affairs, in which case

a significant difference in depositional environment would be indicated.

The slump structures, which are well developed in the Ettalong Quarry (337597

Gosford One Mile Military Sheet), near Pearl Beach at 320561 Gosford, and at various

points in the cliffs south of Palm Beach, are all of the same general type. They consist

of violently disturbed and contorted beds, frequently involving thinly stratified shale

and sandstone, which show disruption, faulting and overfolding of the contained

strata. The direction from which slumping has occurred can frequently be determined,

"but this is of little significance in traction current deposits. The cause of such slumps

is to be looked for in subaqueous sliding due to instability; nearby sliding with

subsequent collapse; or less probably, subaerial collapse as the water-saturated sediments

dried out.

The structure herein referred to as "rolled bedding" is of problematical origin,

and may be related to some form of slumping. The only example known is two beds

about six inches thick in the cliffs near Hole-in-the-Wall. Here a bed of well stratified

sandstone and one of shaly sandstone have been disrupted and rolled up into a series

of convolute pillows, some more tightly rolled than others, which are arranged in a

long line beside each other (PI. v, fig. 7). These structures are very similar to those

described by Kuenen (1949, Fig. 7) from the Carboniferous of Pembrokeshire.

(c) Sedimentary Dykes. Sedimentary auto-intrusion is fairly common in the

Gosford Formation, but has not been observed in other units. Good examples, on quite

a large scale, are to be seen in the cliffs south of Avoca and Palm Beach. Usually

sandstone is found piercing shale, either as infillings from above, or by injection from

beneath. A similar phenomenon on a smaller scale occurs at Hole-in-the-Wall, where
beds of orthoquartzite show large bulbous projections on their undersides which appear

to squeeze out the underlying shale (PI. v, fig. 6). Frequently thin veins of indurated

quartz silt pierce the shale, generally normal to the bedding. These are crenulated,

presumably as a result of compaction after formation.

(d) Concretions. Concretions are widespread, particularly in the Gosford Formation,

and consist of deep reddish-brown fiatly elliptical masses of sideritic mudstone. They
are well developed in the cliffs south from Terrigal, at times in situ in the sandstones,

but more frequently obviously transported. The transported concretions are well

rounded, and are concentrated along 'the base of sandstone beds, occasionally forming

a conglomerate consisting of , concretions cemented by similar material. On one

concretion which has been preserved in situ well preserved "siderite flowers" are

developed .on the underside. This specimen came from a sandstone bed just above its

junction with underlying shale, at 454621 Gosford. The flowers, which are in various
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stages of development, consist of sideinte crystals with curved faces arranged in

small pine-cone-like aggregates, about 0-8 in. in length and 0-5 in. in diameter.

Other Structures. Mud-cracks, worm burrows, intraformational shale breccias and

ripple marks are all found in the Narrabeen Group. Mud cracks are not common,
although a careful search might reveal more examples. They are generally polygonal

fissures infilled with the overlying sediment.

Worm burrows are abundant, particularly in the shales, and are usually infilled

with indurated quartz silt which stands out on weathering. Possibly related features

are shown by the ortho-quartzites which have very uneven upper surfaces. Small pits,

columns and other fossil-like remains are present, but no detailed structures are

preserved.

The intraformational breccias are typically angular shale fragments in a sandstone

matrix, and probably represent collapsed or wave-disrupted strata. The ripple marks
of the Narrabeen Group have already been dealt with in some detail by Culey (1932).

Table 3.

Rock Types and Minerals Observed in the Narrabeen Group.

Minerals. Rock Fragments.

Detrital. Authigenic. Detrita'.

quartz.' siderite.' jasper."

orthoclase.i chlorite' (se^ eral varieties). micrographic granite."

muscovite. ankerite. altered ?andesite.'

chlorite (several varieties). chalcedony. siltstone.

" lUite." quartz. metaquartzite.

biotite. calcite. radiolarian chert (several varieties).

albite. plagioclase. vein quartz.

greywacke (labile).

vitric tufr.

obsidian.

? diabase.

rhyolite (2 types).

spiculite.

perlitic pitchstone.

mesh-serpentini te .

-

basalt.

' These are also recorded by Walton and BonEey, 1906.

^ Prof. W. N. Benson (personal communication) informs me that R. S. Bonney discovered

serpentinite fragments in the Narrabeen Group early this century, but did not publish any report

of the discovery.

Petrography.

Whilst no detailed petrography was attempted, a brief inspection was made of a

collection of slides held at the University of Sydney. Most are cut from Clifton

Sub-Group rocks from the coastal cliffs or the Balmain Colliery. They show an amazing

variety of constituents (Table 3), and there is little doubt that a detailed study would

add more species. An abundant harvest awaits the sedimentary petrologist who ventures

into the field.

The rock-types in the collection are as follows: Quartz-rich sandstones, from high

in the sequence; orthoquartzites, similar to those in the Burralow Formation (Crook,

1957) ; lithic sandstones, dominantly green in colour, with very abundant rock fragments;

red-brown claystones, frequently with some siderite; sideritic mudstones, with much

quartz silt; sideritic claystones, dominantly siderite with abundant spherulites; grey

clay shales, laminated, from high in the sequence; green shales, poorly bedded.

The lithic sandstones and green shales comprise the greater part of the sequence,

and the former are well represented in the slide collection.
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Sedimentation.

In the eastern portion of the Cumberland Basin one of the most striking features

of the Narrabeen Group is the abrupt change from the green shales and lithic sandstones

of the Clifton Sub-Group to the grey shales and quartz-rich sandstones of the overlying

Gosford Formation, a petrographic change paralleled by changes in the sedimentary

structures. In the Gosford Formation ripple marks, ripple cross-stratification, con-

cretions and possibly slump structures are more frequent. Also, in the one locality

closely examined, the direction of current flow was not what might be expected, being

from the west, although the locality was on the eastern side of the basin.

These features, coupled with the change in the centre of maximum deposition as

shown by Raggatt (1940), suggest that immediately following the deposition of the

Clifton Sub-Group a change in sedimentary environment occurred. Its nature end

relation to the compositional changes in the sandstones is at present not clear, but

it was not a major change, for the Narrabeen Group throughout exhibits clear evidence

of deposition under fluviatile (deltaic) conditions. The observed changes could be

explained by a slackening in the rate of sinking of the basin, thereby permitting inter-

mittent lake formation, greater reworking of the sediment, and leaching of the iron

to give grey shales.

To the west, in the Grose Valley, this change from green to grey shales is not found,

and the sequence is rather different (Crook, 1957). This is best seen on comparing the

Grose Sandstone and its stratigraphic equivalent, the Bulgo Sandstone, for the former

is much richer in quartz than the latter (Crook, 1957). It seems probable, from the

current flow patterns, that this difference reflects differences in source.

Reconstruction of the Depositional Setting.

Although our knowledge of the Narrabeen Group is far from complete, some

preliminary suggestions can be made as to the setting in which it was deposited.

It seems probable that to the west and north-west of the basin lay land of moderate

relief, consisting of low grade metamorphics with abundant quartz veins, possibly some
granite, and minor amounts of Permian sediments. This terrain (Source I, Text-flg. 7)

contributed a quartz-rich detritus, represented by the Grose Sandstone (Crook, 1956),

containing an appreciable percentage of rock fragments, but no jasper and little

radiolarite.

To the north, and north-east of the Upper Hunter portion of the Basin, lay the

highlands of New England, the Hunter-Bowen mountain chain (Source II, Text-fig 7).

A study of pebbles from this source by Carroll et al. (1950) suggests that the detritus

was rich in chalcedony and sedimentary rock fragments, with some jasper and a

little quartz and acid igneous fragments. The higher percentage of rock fragments, the

presence of jasper, and the lower quartz content distinguish this detritus from that

of Source I.

Thirdly, to the east and north-east of the main portion of the Basin lay yet

another source (III, Text-fig. 7). This is the problematical "Tasmantis" of authors.

Tasmantis, a hypothetical continental mass lying to the east of the present coastline,

and now lost either by submergence or drifting, was a development of a theory put

forward by Jose, Taylor and Woolnough (1912, p. 251). They referred to the existence

in Triassic times of a "hypothetical porphyry ridge" to the east of the present coastline,

and joining it north of Newcastle. This ridge had a major river system on its west,

which deposited the sediments of the Cumberland Basin.

The exact nature of this source remains in doubt. The detritus shed from it, now
to be found in the Clifton Sub-Group, shows that it contained a great variety of rock

types, and was almost certainly a fold-mountain system. The appearance of rock types

as diverse as granite and serpentinite,' greywacke and metaquartzite, rhyolite and basalt,

and jasper and radiolarite is difficult to explain on any other hypothesis. It is, however,
difficult to see how such a system would fit into the tectonic framework of eastern

Australia,.unless it be a southern extension of the Hunter-Bowen Chain which, however,
seems to be dying out in the Hunter-Manning region.
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The presence of vitric tuffs and basic volcanics suggests that Permian rocks

were present in this Source area. On present information it is not possible to tell

whether they had, in part, been metamorphosed, but it is not beyond the bounds

of possibility that some metamorphism occurred, a point to be borne in mind when

considering the origin of the detrital graphite in the Triassic sediments. This gives

support to Culey's suggestion (1938, p. 103), based on heavy mineral studies, that

the Permian contributed detritus to the Narrabeen Group.

The three sources on Text-figure 7 represent a slight modification of those suggested

by Culey (1938). Considerably more work will be required before a more precise

picture is obtained. It seems that the detritus from these sources was transported

by rivers into what is now the Cumberland Basin, and there deposited. Probably the

PRESENT LIMITS
OF TRIASSIC

LITHG

Text-fig. 7.—Map of the Cumberland Basin and extensions showing possible sources for

the Triassic sediments.

area at this time would have resembled the Indo-Gangetic Plain. Transport appears

to have been exclusively by fluvial agencies; no trace of aeolian-type cross-stratification

has been seen.

Later in the evolution of the Basin it is possible that there was some reworking

of the earlier deposited sediments. This may have occurred in the case of the Burralow

Formation (Crook, 1957), and the same process may have been operative in the genesis

of the Gosford Formation.
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EXPLANATION OF PLATE V.

Various types of cross-stratification in sandstones of the Gosford Formation at Palm Beach.
1, Planar variety with straight cross-strata. 2, Planar variety with flexed cross-strata.

3, Planar variety with curved cross-strata. 4, "Furious" cross-stratification ; a co-set of

straight-stratified planar sets, the bounding surfaces of each set being inclined at a slight

angle to the true bedding. 5, Trough cross-stratification in sandstones of the Gosford Formation
at Palm Beach. 6, Bulbous projection on underside of orthoquartzite bed, Gosford Formation,
Hole-in-the-Wall. Note crenulated veins of indurated quartz silt on left of rule. 7, Two units
showing- "rolled bedding" in the Gosford Formation at Hole-in-the-"Wall. The rule in each
photograph is one foot in length.
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INVESTIGATIONS IN THE GEKKONID GENUS OEDVRA GRAY.

By Harold G. Cogger.

(Plates vii-viii; six text-figures.)

[Read 29th May, 1957.]

Synopsis.

Previously accepted specific diagnostic characters have been examined for variation and

the majority found to be quite inconstant. The value of colour and pattern as specific features

has been pointed out and used extensively in descriptions, whilst the use of comparative scale

size within defined limits has been noted. The sig-niflcance of habitat preferences as an isolating

and differentiating- mechanism has been stressed.

Both O. marmorata Gray and O. tryoni De Vis have significant intraspeciflc variation, with

differentiation into North Queensland and southern forms. In only a few localities does actual

coexistence occur between O. marmorata, O. monilis De Vis, and O. tryoni, but the range of

O. rohusta Boulenger extends well into those of all three species.

Differences between O. I. lesueurii (Dumeril and Bibron) and O. I. rhomhifer Gray have
been considered insufficient to warrant specific distinction, and O. I. rhoinbifer has been
relegated to subspeciflc rank.

It has been shown that sex may be determined by the presence of femoral and preanal pores

and the enlargement of the postanal area in the males. Some minor ecological factors related

to geographical distribution have been noted.

Introduction.

In the present paper it is intended to set out the results of investigations carried

out in the gekkonid genus Oedura Gray. Many problems have been encountered which,

though requiring more adequate and representative collections for their solution, have

been considered to be of sufficient interest to herpetologists to warrant their publication.

In the past thirty years only two workers have treated this genus taxonomically.

Loveridge (1934) synonymized five standing species with 0. marmorata Gray, and

accepted the specific status of 0. rohusta Boulenger, 0. lesueurii (Dumeril and Bibron)

and 0. rhoniMfer Gray. Kinghorn (1942) verified the conclusions of Loveridge regarding

the 0. marmorata complex, and brought forward evidence which tended to break down
existing differences between 0. lesueurii and 0. rhombifer.

Although the systematics of the genus was thought to be in need of revision,

the author was principally interested in the knowledge to be gained from geographical

and ecological studies. It is hoped that the present paper will provide some indication

of the potential value of even the most minor field studies in solving many problems

which occur during purely morphological examinations.

The group is complex and widely distributed, and undoubtedly material collected

in the future will provide the information required to confirm or deny many of the

doubts which still exist.

Abbreviations used for the various States of the Australian Commonwealth are:

N.S.W. = New South Wales; Qld. or Queens. = Queensland; N.T. = Northern Territory;

S.A. = South Australia; W.A. = Western Australia.

Oedura Gray.

Oedura Gray, 1842, Zool. Misc., p. 52, and Cat. Liz., p. 147. Phyllodactylus (part)

Dumeril and Bibron, 1836, Erpet. Gen., 3, p. 388. Pachyurus Fitzinger, 1843, Syst. Rept.,

p. 94.

Limbs pentadactyle; digits free, clawed, dilated at the base and with a distal

expansion; the latter furnished interiorly with a large pair of lamellae separated by a

groove containing a retractile claw. Following the distal lamellae are three to six

pairs and two to five undivided plates. Dorsal surface covered with small juxtaposed

Proceedings of the Linnean Society of New South Wales, 1957, Vol. Ixxxii, Part 2.
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scales; laterally and ventrally with juxtaposed, but occasionally slightly imbricate

scales. Pupil vertical. Ear opening about half the diameter of the eye. Body depressed.

Femoral and preanal pores in the males.

Members of the genus are distributed throughout Australia.

Sex may be determined by an examination of the anal region, vi^here the presence

of preanal and femoral pores and the enlargement of the postanal area characterizes

the males. The constancy of the latter character has been verified by dissection, but

in juveniles and adolescents, and in some adults, both these features may be indeter-

minate.

Some members of the genus are capable of vsrithstanding long periods without food,

and specimens of 0. marmorata, O. monilis and 0. lesueurii lesueurii have lived without

food in vivaria for periods between nine and twelve months, but this time is reduced

by approximately 75% in the absence of water. During such periods of forced abstention

from food, the tails become quite emaciated and wrinkled, the skin at times being

tightly stretched over the vertebrae. This ability to use their tails in a nutritive

capacity during periods of reduced food availability has been suggested at various

times, and there is a definite correlation between the size and shape of the tail and the

degree of arid conditions or temperature to which a particular form may be subject.

It will be noted in the following discussions that the only forms without large,

strongly depressed tails are some populations of 0. monilis, 0. tryoni, the northern form
of 0. marmorata and 0. lesueurii rhombifer. It will also be seen that all of these

are found in parts of Australia where they are not subjected to climatic extremes, and
thus have no serious interruptions to their active feeding periods throughout the year.

The remaining forms, however, exist in areas where droughts or floods are of

relatively common occurrence, or where winter temperatures are sufficiently low to

enforce long periods of inactivity. It may therefore be seen that the possession of a
large depressed tail is an adaptation to conditions which cause an irregular and inter-

mittent food intake.

Yariation within the Genus.

Until the present study was undertaken, certain characters were invariably used
for specific differentiation. These characters included: 1, The number and arrangement
of the digital lamellae; 2, The presence and number of femoral and preanal pores
in the males; 3, The number of supra- and infralabials; 4, The shape of the mental
shield; 5, The size and shape of the tail.

An examination of several large series of geckos has shown that, without exception,
each of these characters is subject to such variation within restricted samples, that
they may be almost neglected as specific diagnostic characters. However, features
which have previously been accounted of little value have shown themselves to be
remarkably constant for defined populations, and have been used in the present paper
to substantiate other evidence. These characters include morphological ones such
as relative scale size, the number of postanal tubercles, and colour and. pattern. Although
these characters are subject to a certain amount of variability, they are constant over
defined ranges. The use of colour and pattern, in particular, has not been given much
credit by earlier workers, but I feel that the present study has shown their extreme
significance; the relationship between Pseudechis porphyriacus and P. australis (Mackay,
1955) offers an analogous situation in snakes.

Relations of 0. marmorata, O. tryoni and O. monilis.
As pointed out earlier in the present paper, an examination of previously recognized

diagnostic characters has proved them of little value, so that alternative features must
be found. Apart from morphologioal characters of comparatively minor importance,
clarification of the status of these three forms can be obtained principally by reference
to both geographical and ecological evidence.

Of more than eighty authentic records of 0. marmorata, all were found under the
bark of trees, with the exception of six specimens from Coen, Cape York, which were
found under sheets of galvanized iron, a singularly unbiological habitat. However.
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one would expect exceptions to occur. Little is known regarding the distribution in

South and Western Australia. The Australian Museum has no records from either State,

while the South Australian Museum has records from Eucla, W.A., and the Bunda
Plateau, S.A. Glauert (1955) records this species from Yalgoo and Gullewa, W.A.

From these data it can be seen that much of the area marked on the map is based

on the assumption that there are no extensive gaps in the distribution of this species,

although it is highly improbable that there would be complete continuity throughout

the arid regions. It is subject to surprisingly little variation over its total range, an
invaluable factor in determining its relation to the other two species. However, there

appears to have been past differentiation in North Queensland and Cape York. Speci-

mens from this area have a constantly lower scale count, with the bands of the juveniles

failing to break up in the adults to the same extent as occurs in the western and
southern forms. Also there is far less tendency for the old adults to become heavy

in body proportions, as in the south, the adults of this form being comparatively

moderate and slender. These features may be seen in Plates vii, A, and viii, F, G and H,

and will be further discussed under 0. marmorata.

Whether there are sufficient grounds to establish subspeciflc rank for the North

Queensland form is open to question. In all probability it is a subspecies of very

recent origin, but I consider that the material at my disposal is too incomplete to

warrant such an action, and I feel that a full discussion of the variation within the

species will provide a basis for future work.

0. monilis occurs commonly over a large area; more than one hundred specimens

were collected and all were found under loose bark on tree trunks, sometimes at a

height of more than twenty feet from the ground. In its southern range it does not

appear to be in contact with 0. tryoni, but enters the range of 0. inar')norata. Of extreme

significance as evidence of speciation is the fact that a series of 0. marmorata from

Quambone, N.S.W., shows differences of only very minor importance from specimens

from Alice Springs, and even Yirrikala Mission in Arnhem Land, nearly 2,000 miles

away, yet exhibits marked differences from a series of 0. monilis from the Warrum-
bungle Mountains, only fifty miles to the east; at St. George, Qld., O. monilis and
0. marmorata coexist without any confusion of diagnostic characters. The record of

0. monilis from Trangie, N.S.W. (fligured by Fry), would indicate that this species

extends well into the ecological and southern geographical range of 0. marmorata,

.as Trangie lies in typical plains country forty miles from the hills and mountains of

Dubbo and its surrounding districts. That the ranges of 0. marmorata and 0. monilis

meet and overlap without any intergradation, morphologically or otherwise, would
Indicate that the two forms are reproductively isolated.

0. tryoni is a species with vastly different habitat preferences, and specimens are

found under rocks at ground level. I have observed numbers of these lizards on the

Moonbi Range north of Tamworth, and Mr. W. Hosmer collected a large series from

Lappa Junction in North Queensland, at Hartley Creek near Cairns, and along the

Condamine River in southern Queensland, only one exception to this rule being found.

Broom (1897) refers to 0. tryoni in the Chillagoe district of North Queensland as

Iieing "found among the limestone rocks". Whether these preferences are a result

of its geographic distribution, or vice versa, is difficult to determine, although they

now appear to be entirely interdependent. Two apparently disconnected populations

•occur, one in north-eastern New South Wales and south-eastern Queensland, and the

other in the vicinity of Cairns, extending approximately one hundred miles inland.

The evidence for a gap along the Queensland coast is far from conclusive, and it may
merely be the result of insufficient collecting in the area. The species is apparently

restricted to the coastal and near-coastal areas, extending inland at three major points.

In southern Queensland it runs over the Darling Downs and along the Condamine

River, possibly reaching and extending into 0. marmorata territory in the Roma-
Condamine district. In New South Wales it is found along the northern tablelands

through Tenterfield and south to the Moonbi Range, these mountains marking the limit

to its distribution in this area, evidently due to the complete change in habitat and



170 INVESTIGATIONS IN THE GEKKONID GENUS OEDURA,

environment. This clear-cut line of demarcation w^hich I have observed so strikingly

at Moonbi, helps to explain the situation in North Queensland. In this latter case

a microgeographical study is involved, resulting in findings w^hich could never be

obtained from an overall distribution study of the species. Text-figure 1 shows what
appears to be, and is in effect, an area of overlap near Cairns. However, reference

to Text-figure 3, showing details of the occurrence of O. marmorata and 0. tryoni in

this district, shows an apparent anomaly in that there appears to be no major geographic

factor governing their distribution. In this case strict habitat preferences probably

result in small localized areas where a particular set of environmental factors allows

one species to predominate over the other. At Hartley Creek a large series of 0. tryoni

has failed to produce any significant variation in morphological characters, including

relative scale size, colour and pattern (Plate viii, B). Similarly all 0. marmorata from

the localities marked exhibit little variation in these characters, and fall quite distinctly

into their defined group. The 0. tryoni from Lappa Junction and Petford, though

Text-fig. 1.—Map showing- general distribution of Oedura tnarmorata, O. tryoni and
O. monilis.

Text-fig. 2.—Map sliowing records of Oedura tnarmorata, O. tryoni and O. monilis from
southern Queensland and northern N.S.W. Probable distributional boundaries of the individual
species are indicated in the legend.

showing constancies of scalation and colour, offer an amazing variety of pattern forms
(Plate viii. A), as apparently do specimens from Chillagoe (Broom, 1897). However,
they cannot be confused with 0. marmorata and again fall within the definition of

their species. Here again, then, there is no intergradation of diagnostic or other

characters, even where coexistence occurs.

Such ecological preferences as have been noted in these three species act as a
selective and differentiating mechanism, and I feel that their importance should be
stressed. With animals which have a restricted home territory (such as an individual
tree), constancies of habitat within,a given form would provide effective isolation from
another form of dissimilar environment. As these differences in environment are
intimately connected with the geology and botany of a given locality, it is obvious
that overlapping will usually occur on the margins of geological or botanical areas.
Whether" such ecological isolation has given rise to any reproductive isolation is difficult
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to decide. However, as 0. marmorata and 0. monilis occupy a similar environment,

other important differentiating factors have evidently been at work. Mayr (1942.)

comments "that such ecological differences develop during geographic isolation", and

that it is "exceedingly unlikely . . . that habitat segregation might lead to sympatric

speciation". It may also be argued that ecological factors may often separate subspecies

occurring in the same area, but this would not explain the position and status of

0. monilis.

Geographic evidence lends support to the case for specific distinction, although to

obtain a true picture of the position it is necessary to consider the problem both

macro- and microgeographically. Text-figure 1 shows that several areas of known
overlap occur throughout the total range of these species, in the Chillagoe-Cairns

district of North Queensland and in various areas bounding a line through Condamine,

St. George, Moree, Dubbo and Trangie. Text-figures 2 and 3 enlarge on this situation.

Text-flg'. 3.—Map showing- records of Oedura marmorata and O. tryoni from the Cairns-

Chillag-oe district of North Queensland.

Text-fig. 4.—Map showing- general distribution of Oedura lesueurii lesueurii, O. I. rliomhifer

and O. rohusta.

showing the actual records and the probable distribution patterns of the three species

in these areas. The only authentic cases of actual coexistence recorded are from the

Petford-Mareeba district of North Queensland and St. George in the south. This

evidence, however, is sufficient to show that we are dealing with three truly sympatric

species, and suggests that during a period of geographic isolation they achieved

genotypic distinction. These geographic barriers have now broken down, allowing

for the mixing of the three species with complete genetic stability. One complication

arises in that 0. rohusta, a species inhabiting a similar environment to 0. marmorata

and 0. vionilis, occurs within the ranges of all three species under discussion, and if

the postulated isolation occurred, why were there not noticeable changes within

0. rohusta f It is possible that it invaded the territory of the others after reproductive

isolation was completed.

It is interesting to compare this case with a similar one involving birds (Serventy,

1951), where several species are concerned in small areas of random overlap, in one

case two species inhabit a similar environment, and in another the habitats are quite

different. For comparison, 0. marmorata corresponds to Malurus pulcherrimus

,

0. monilis to M. lamherti and 0. tryoni to M. elegans. The conclusions in both cases are

comparable.

Relations of 0. lesueurii lesueurii and O. lesueurii rhombifer.

This problem is somewhat similar to the preceding, but unfortunately I have been

unable to obtain many more specimens than were available to Kinghorn (1942), and

my findings are almost the same. The lack of any suitable material from marginal
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localities in the ranges of either form makes the solution difficult, and I can do no

more than offer a few suggestions as to the possible status of the two forms.

As in the preceding problem, previously accepted diagnostic characters have proved

of little value, as all break down under careful examination, so that ecological and geo-

graphical studies have again been utilized. There are no extreme differences in habitat

(at least in the eastern and northern populations) between 0. I. lesueurii and 0. I. rhom-

hifer. 0. I. lesueurii is found exclusively under rocks at ground level, being particularly

common in the Hawkesbury Sandstone district around Sydney, whereas 0. I. rhombifer

may be found either under rocks or loose bark on trees, and often frequents human
habitations. Text-figure 4, though having many gaps, illustrates an interesting distri-

butional pattern. Across the southern half of the continent there is a movement, possibly

clinal, from the eastern 0. I. lesueurii to the western 0. Z. rhombifer. A specimen from

north-western New South Wales (Aust. Museum R7934) offers an intermediate example

between the two forms. However, moving northward from the eastern 0. I. lesueurii

population, there is a gap between the typical 0. I. lesueurii in northern New South

Wales and the extreme variant of O. I. rhombifer in southern Queensland, although

unfortunately collections are too sparse to determine the extent or exact position of

this apparent gap. There is the possibility, or even an indication, of a similar gap
in the region of the central western coast.

Thus there appears to be a gradation from New South Wales through South

Australia to southern Western Australia, moving up the western coast through the

Kimberley Division to Arnhem Land, across to Cape York and down the east coast

to the vicinity of Gladstone where it ceases abruptly.

Because of this apparent intergradation around Australia, I doubt whether full

reproductive isolation has occurred, though it may well be the case with extreme
variants, and I have retained the form rhombifer as a subspecies with some hesitation

owing to the complete lack of any conclusive material.

Oedura marmorata Gray. (Plates vii. A; viii, F, G, H.)

Oeciura marmorata Gray, 1842, ZooL Misc., 52; Port Essington, Northern Territory.

Oedura fracticolor De Vis, 1884, Proc. Roy. 8oc. Qld., 1:160; Kimberley, Gulf of Carpen-

taria. Oedura cincta De Vis, 1888 (1887), Proc. Linn. Soc. N.S.W., (2) 2:811; Charleville,

Queensland. Oedura 7?ia2/eri Garman, 1901, Bull. Mus. Camp. Zool. Harv., -39:3, pi. ii,

figs. 2-2c; Cooktown, Queensland.

Head large, depressed. Body moderate. Digits strongly dilated; three to six pairs

of infradigital plates, followed by two to four undivided ones. Head covered with small,

flat, rounded scales which may be either uniform or unequal; rostral four-sided, usually

with a median cleft above, but occasional specimens with a complete cleft. Nine to

twelve supralabials, with as many infralabials. Mental three- or four-sided, with or

without a small azygous scale behind. Body covered with juxtaposed, flat round scales,

usually larger than those on the head, and arranged in comparatively regular transverse
series. Tail varies greatly in length and shape within a given population, and reproduced
tails offer even greater variation. Preanal and femoral pores number 11-23 in the males.
Largest specimen: 106 mm. (snout-vent).

As previously mentioned, two basic pattern types occur, one in southern Queensland.
New South Wales, and the Northern Territory, and the other in North Queensland.
(There is insufficient material from South and Western Australia to study variation,

but there are indications of a close affinity with the former distributional group.)
Juveniles of both types are invariably strongly banded with white cross-bars on a
dark brown or black ground colour. With few exceptions which retain the banded
pattern, adolescent specimens of the- southern asu central form show a tendency for the
bands to break up, giving way to the formation of scattered ocellate markings. Older
specimens usually have the pattern completely broken up into an irregular series of
spots. This whole process takes from four to six years and is illustrated in Plate viii, H
by a series of specimens collected in August, 1953, at Quambone, N.S.W., all within
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an area approximately three hundred yards square. From an examination of this series

it can be seen that it is quite impossible to use a single written description to cover all

the pattern forms available in even a very restricted locality. The ventral surface in

all cases is white.

Thus, although colour and pattern are used as basic identification characters in

this and the following two species, the difficulty of keying these descriptions is

immediately evident, and explains the use of photographs to illustrate essential

differences. This problem of written descriptions probably led directly to the conclusions

of Loveridge who, with only twelve specimens to refer to, was justified on the basis

of the complete ambiguity of the available descriptions in synonymizing so many species

with 0. marmorata. particularly when combined with the breaking down of the accepted

morphological differences. However, this series of pattern types is applicable to nearly

all specimens within the range quoted earlier, and contrasts greatly with the type found
in North Queensland. In this form the juvenile bands do not tend to break up to

any great extent in the adults, but are inclined to widen as the lizard grows,

forming a series of white bands on a dark ground, the former being nearly as broad
as the darker interspaces.

The following, therefore, are the working descriptions of the two pattern types,

using average adult examples:

N.S.W., S. Qld., C.A., N.T.: Adult with a series of five or six light recognizable

cross-bands between snout and vent. These bands may range from being perfectly

sharp to a series of spots in a curved line. The bands are usually semi-lunar in shape,

and approximately one-quarter the width of the darker interspaces, the latter being

covered with irregular small white (yellow in life) spots. Head black with white

spots (Plate viii, H).

Cape York, North Queensland: Adult with a series of five white cross-bands between

snout and vent, nearly always sharp in outline. These bands are either semi-circular

or V-shaped, and are nearly or as wide as the darker interspaces, the latter often

consisting of dark markings on a light ground, particularly on the posterior half of

the body. Head usually light-coloured, bordered by black or brown on a line from the

snout through the eye and across the head immediately in front of the first light cross

band (Plates vii, A; viii, F. G).

Many other characters are remarkably constant, and offer evidence of the differen-

tiation of these two populations. All specimens of the North Queensland form so far

examined have but a single postanal tubercle on each side, whereas southern specimens

have almost invariably a cluster of from two to five tubercles on each side. Occasional

specimens with a single tubercle do occur.

Text-figure 5, A represents graphically the difference in relative scale size, as

determined effectively by the interorbitals/mid-body scale rows ratio. Such grouping,

combined with other constantly differing characters, could support the evocation of

subspecific rank, taut it would be unwise to risk adding to synonyms until further

evidence is forthcoming.

A series of 0. marmorata were measured for sexual dimorphism of the axilla-groin/

snout-vent ratio, but no significant variation was obtained. However, the complete

lack of any such studies in this and related groups has prompted me to include

the resultant graph (Text-fig. 6).

As noted previously, 0. marmorata lives under the bark of trees, and its food

consists chiefly of those insects living in the same environment. It is not loath,

however, to make dashes into broad sunlight to obtain such typically diurnal insects

as butterflies and grasshoppers, and commonly adds small skinks such as Ahlepharus
and Leiolepisma to its diet. Juvenile specimens of other geckonids are also taken.

Unlike much of our other indigenous fauna, 0. marmorata (and 0. monilis) often

benefit from human activities. Throughout New South Wales areas of ring-barked

trees occur, and the loose, rotting bark of eucalypts and casuarinas provides an abundant
increase of both a suitable food supply and cover, with a resultant increase in the
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numbers of 0. marmorata. Thus in small isolated areas a high population density may
be built up over a number of years until such time as the bark falls away from the

dead trees.

Predators appear to be relatively few, but little quantitative evidence exists.

Juveniles are eaten by adults of other geckonid species and by certain skinks, notably

the arboreal Egernia striolata, which also takes adult specimens. 0. marmorata is also

eaten by some snakes, certain birds (mainly nocturnal species), and by small carnivorous

marsupials.

Two eggs are laid by a single female in a season, which appears to extend from

September to March, at least in southern populations. These eggs are particularly

affected by extreme variations in humidity, and there is some indication that egg losses

from this factor are somewhat high.

5 . .Vorrh Queensland I A . Oedura marmoraa

*5^Qld.S'SM,NJ.
I

h.Oedum tn/oni

hiiUa- Groin nn.i

Text-flg. 5.—Graphs showing differences in relative scale size between North Queensland
and southern populations of A, Oedura marmorata, and B, Oedura tryoni.

Text-fig-. 6.—Graph showing results of measurements made to determine the occurrence
of sexual dimorphism of the axilla-groin/snout-vent ratio in Oedura marmorata.

It is quite difficult to obtain any evidence for territoriality in the field, but the

active reception given to newcomers by males in established vivaria would indicate

strong territorial instincts in adults of this sex.

Oedura monilis De Vis. (Plates vii, B; viii, I, J.)

Oedura monilis De Vis, 1888 (1887), Proc. Linn. Soc. N.S.W., (2) 2: 812; Queensland.

General morphological description as for Oedura marmorata, differing from it

principally in colour and pattern.

Preanal and femoral pores number 7-20 in the males. A single postanal tubercle

on each side. Largest specimen: 92 mm. (snout-vent).

The typical adult pattern consists of a series of six pairs of darkly edged light-

coloured ocellate markings on a mottled bluish-brown ground colour, each spot being
larger than the eye. The two ocelli on the nape are almost invariably joined to form
a nuchal band. Occasional specimens may be found with an odd number of spots,

or with the spots joined, but distinct. Ventral surface white. The juvenile pattern

is very colourful and is quite constant, consisting of a series of six short, brilliant

yellow bars on a chocolate-brown ground colour; these bars commence to break up
soon after hatching.
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This species was fully redescribed and figured by Fry (1915), but some confusion

arose over the locality of one of his specimens. Loveridge (1934) commented on

Fry's record of both 0. monilis and 0. tryotii from Tamworth, N.S.W., and suggested

that intermediate forms would be found. Kinghorn (1942) pointed out that the actual

locality of Fry's 0. monilis was Mungindi, and my own investigations show that 0. tryoni

does not extend beyond the Moonbi Range, north of Tamworth. The tongue of 0. monilis

territory extending into the range of 0. marmorata at Trangie, N.S.W., is based on

a specimen recorded (and figured) by Fry. Specimens ,have also been recorded from
Ballimore (near Dubbo), the Warrumbungle Mountains and Mungindi in New South
Wales, and from St. George, Coomooboolaroo and Retro in Queensland. It is only in

the latter two localities that any distinctive variation has been encountered, and
specimens from these areas (Plate viii, I) occasionally have a tendency for the ocelli

to disappear or to coalesce to form distinctive longitudinal markings. Nevertheless,

it is difficult to confuse them with either 0. marmorata or 0. tryoni if such variation

is kept in mind.

The mean scale size of 0. monilis is somewhat lower (88 mid-body scale rows) than

that of southern 0. marmorata (97 rows), and the presence of only a single postanal

tubercle is apparently quite constant.

As with 0. marmorata, 0. monilis is found (so far without exception) under the

bark of trees, and its existence is governed by similar ecological factors. In the

Warrumbungle Mountains in New South Wales, the only area in which the author
is fully acquainted with the species in the field, it is found in large numbers from the

valley floors to the mountain tops, but ceases abruptly wherever the mountains meet
the Western Plains. Such a cessation may occur within a few hundred yards, and
commonly occurs within a half mile.

The comments on breeding and territoriality under 0. marmorata apply equally

well to 0. monilis.

Oedtjra tryoni De Vis. (Plates vii, C; viii, A-E.)

Oeclura tryoni De Vis, 1884, Proc. Royal Soc. Qld., 1:54; Stanthorpe, Queensland.

Oeclura ocellata Boulenger, 1885, Cat. Liz. Brit. Mus., 1:105, pi. ix, fig. 1; Australia.

Phylloclactylus (Oedura) castelnaui Thominot, 1889, Bull. Soc. PMlom. Paris, (8) 1:22

Australia.

General morphological description as for 0. marmorata and 0. monilis. differing

from them principally in colour and pattern.

Preanal and femoral pores number 11-20 in the males. A single postanal tubercle

on each side. Largest specimen: 90 mm. (snout-vent).

0. tryoni has a basic colour pattern subject to little variation throughout its range.

This consists of numerous irregularly placed, small light-coloured spots on a darker

ground colour of brown. These spots are nearly always circular, and are smaller than

the eye, but may occasionally coalesce to a lesser or greater extent forming irregular

narrow bars, or rarely, cross-bands. Such variation is shown by a small sample

from Lappa Junction, North Queensland (Plate viii. A), yet specimens from Hartley

Creek near Cairns, and from south-eastern Queensland and north-eastern New South

Wales (Plate viii, B, C, D, E) are remarkably constant.

Collecting to date has failed to determine whether 0. tryoni has a continuous

range. Records are from Moonbi Range, Moree, Port Macquarie, Inverell and Tenterfield

in New South Wales, and from the Condamine River, Chinchilla, Eidsvold and Frazer

Island in southern Queensland. Records are then lacking until far northern Queensland,

where it has been taken at Hartley Creek, Petford, Lappa Junction, Emuford, Irvinebank

and Chillagoe. Although the area covered by this apparent gap is one in which little

collecting has been carried out, differences in morphological characters would indicate

that such a gap is a reality. The case appears to be very similar to that of 0. ynarmorata,

in which a north-eastern Queensland population has become differentiated from its

southern counterpart. Text-figure 5, B shows a significant variation in relative scale

size, and is remarkably similar to Text-figure 5, A. Unlike either 0. marmorata or
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O. monilis, the juvenile pattern of 0. tryoni is not very different from the aduit,

consisting usually of an irregular series of spots or broken bars.

Of well over a hundred authentic records, there has been only one deviation from

the rocky habitat preferred by this species. It is found in limestone and granite

country, under rocks and in rocky crevices. In very hot w^eather, when rocks may
be too hot to touch, 0. tryoni migrates to the crevices and fissures of large boulder

outcrops, and although easily seen is often difficult to collect. The effectiveness as an

isolating mechanism of such a strict habitat preference has already been commented

upon.

Little is known of the species' predators or of its reproduction, except that its.

active egg-laying period, at least in the northern population, appears to be scattered

throughout the year.

Oeduka robusta Boulenger. (Plate vii, D.)

Oedura robusta Boulenger, 1885, Cat. Liz. Brit. Mus., 1:106, pi. x, fig. 1; Australia.

Head large, depressed. Body moderate as in preceding species, depressed. Digits

strongly dilated, with three to five pairs of infradigital plates followed by two to four

undivided ones. Head and body covered with minute granular scales. Rostral four-

sided, with a median cleft above. Ten to twelve supralabials, with a similar range of

infralabials. Mental small, triangular. Scales on the ventral surface much larger than

the dorsals. Tail very much depressed. Preanal and femoral pores 2 (Loveridge) to

17 (Boulenger) in the males. Postanal tubercles in a small cluster of 2-5 on each side.

Largest specimen: 84 mm. (snout-vent).

There is almost no variation from a basic colour pattern consisting of an irregular

dark brown line running through each eye, continuing laterally along the body and
tail, where the latter is original. These two lines are connected by a series of five

or six dark bars across the body, which thus enclose a series of light bluish-brown

patches along the dorsal surface. These bars may often be broken or nearly absent.

Ventral surface white. The juvenile pattern is similar to the adult.

This species has rarely come under discussion by authors, and has warranted
only brief comments by Waite (1929) and Loveridge. It has been recorded by
Lonnberg and Anderson (1915) from Cairns and Chillagoe, but wherever 0. robusta

is found it occurs commonly, and it is highly improbable that the extensive investi-

gations of Broom, and of Mr. W. Hosmer who collected a very large series of Oedura
for me in these areas, would have overlooked the presence of this species. This fact,

combined with geographic evidence, makes me strongly doubt the occurrence of

0. robusta in North Queensland.

It was not listed from South Australia by Waite, but Glauert (1955) records it

from Dedari, Northam, Spencers Brook and Kulin in Western Australia. Numerous
records exist in New South Wales and southern Queensland.

An interesting point is that 0. robusta coexists with 0. marmorata, 0. vionilis

and 0. tryoni in various parts of their ranges, and I have taken it from the same tree

as 0. monilis in the Warrumbungles.

It can be seen from Text-figure 4 that vast areas are marked which indicate a

relatively discontinuous distribution, but this is by no means verified by existing

records. Where an animal remains so constant over such a wide area, we can only

assume that there are continuities between our isolated samples.

Its habits and ecological preferences are somewhat similar to those of 0. marmorata,

and it is usually restricted to lower mountainous areas or flat country. In the Bunya
Mountains in Queensland it does not proceed past the foothills, and in the Warrum-
bungles I found it only on the valley floors.

Oedura lesueurii lesueurii (Dumeril & Bibron). (Plate vii, E.)

Phyllodactylus lesueurii Dumeril & Bibron, 1836, Erj)et. Gen., 3: 392; Australia.

Head, depressed. Body moderate. Digits dilated; two to four pairs of infradigital

lamellae followed by several undivided ones. Head and body covered with minute
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granular scales; rostral four-sided with a median cleft above. Nine to twelve infra-

and as many supralabials. Mental triangular. Tail depressed, with a cluster of three

to five postanal tubercles. Preanal and femoral pores number 6-12 in the males.

Largest specimen: 67 mm. (snout-vent).

The colour pattern of O. 1. lesueurii does not vary with age. It is dark brown
or grey above, with continuous mottling along the vertebral half of the dorsal surface,

this area being enclosed on each side by a thin irregular zigzag dark line. The sides

and limbs have small light-coloured spots. Ventral surface white.

The presence of preanal and femoral pores in the males has not previously been

noted, and this supposed absence has been one of the major criteria in distinguishing

this form from the following. The pores are often extremely indistinct and even appear

to be absent in some males, but it is nevertheless amazing that no worker in more
than a century has determined such an obvious character in so common a species.

Outside New South Wales records of this species are very sparse. It is recorded

from South Australia by Waite, and Mr. F. J. Mitchell informs me that the only two

specimens in the South Australian Museum from that State are from North Burra

and the Bunda Plateau. The Bunda Plateau is a large area, defined by Tate (1878)

as "commencing at three miles west from the Head of the Great Australian Bight to

the headland called Wilson's Bluff, on the frontier of Western Australia, and having

a frontage of 127 miles. Its western boundary is the line . . . trending . . . northwest

from Wilson's Bluff; on the east by ... an irregular, but generally north-east line

from the Head of the Bight to a few miles west from Pidinga. Its northern boundary
... is probably south of a line curving from Ooldea Water to Boundary Dam, a few

miles west of the meridian of Eucla". This area includes the Nullarbor Plain, and
owing to its uniformity indicates that 0. I. lesueurii, from existing records, would
penetrate well into Western Australia at Eucla, which is in that State. Specimens
from Boulder and Perth, W.A., in the Australian Museum's collection (discussed by
Kinghorn) are diflJcult to place in either this or the following form, and are an
undoubted link between the two.

0. I. lesueurii is commonly met with in the Hawkesbury Sandstone district of

Sydney, where it is found under small slabs of rock on large rock faces. It feeds

principally on insects and spiders, but as with its larger relatives, readily takes the

smaller species of skinks.

Two eggs are deposited by each female. In the Sydney district deposition usually

occurs in the months of December and January.

Oedura lesueurii ehombifer Gray. (Plate vii, F.)

Oedura rhombifer Gray, 1845, Cat. Liz. Brit. Mus., 147; Australia.

General morphological description as for 0. I. lesueurii. differing from the latter

in its possession of a nearly cylindrical tail and in its colour and pattern. The ground

colour of 0. I. rhomhifer is a rich light brown, with an irregular dark brown line

running from each eye along the body; the sides and limbs are very finely speckled

with dark brown. Ventral surface white. Preanal and femoral pores number 10-20 in

the males. Largest specimen: 53 mm. (snout-vent).

This gecko is common throughout its range, and there are many authentic locality

records. Those of interest because of their apparent marginal occurrence are the

specimens previously referred to from Boulder and Perth, W.A., and from Alexandria

Station, N.T. (Aust. Mus. R1197S) and Gladstone, Qld. (Aust. Mus. R5035). Many
records from North Queensland exist, and Mitchell (1955) lists many localities from

the Northern Territory. Glauert records the form from the Kimberley Division and

La Grange Bay in Western Australia.

O. I. rhovibifer is a notorious dweller in human habitations, and is commonly met
with in country outhouses, shearing sheds, etc. No doubt the attraction of these places

for flies and other insects would play no small part in providing an ideal home for

these lizards. They are normally found, however, under bark on trees or stumps,

or under rocks.
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Synopsis of the Species and Subspecies of Oedura.

The discussion has already shown that the differentiation of 0. marmorata,

0. monilis and 0. tryoni is based on a series of morphological characters, as well as

ecological and geographical factors. Obviously all these features cannot readily be

incorporated into a short key, and reference should be made to the data under the

individual species for more positive identification. Juvenile patterns, too, are not

covered by this key.

The following, however, though mainly a matter of convention, should prove

compatible for the majority of cases, allowing for some plasticity in its use.

1. Dorsal scales minute, granular, usually much smaller than the ventrals 6

2. Dorsal scales flat, round, juxtaposed, about as large as ventrals 3

3. Body typically with Ave or six distinct light-coloured cross bands, connecting laterally

with the white ventral surface. Where these bands are broken up the resulting light patches
have no regular shape or size marmorata

4. Body typically with Ave or six pairs of large, light-coloured ocellate markings, the latter

with a dark edge and at least as large as the eye. Occasional specimens with an odd
number of ocelli, or with the pairs of ocelli joined, but distinct monilis

5. Body with numerous, irregularly placed, small, light-coloured spots, the latter being almost
constantly circular and much smaller than the eye. Occasionally these spots may join

to form irregular narrow bars, or rarely crossbands tryoni

6. An irregular dark line running through each eye, continued laterally along the body and

tail (where the latter is original), the two lines being connected by a series of Ave or six

bars across the body (the first across the occiput), resulting in a series of light-coloured

patches along the dorsal surface. Occasionally these bars may be partially, or rarely

completely, absent. Tail much depressed rohusta

7. Grey or dark brown above with continuous mottling along- the vertebral half of the dorsal

surface. The mottling is enclosed on each side by a thin, irregular, zigzag dark line.

Sides and limbs with small light-coloured spots. Tail depressed lesueurii lesueurii

8. Uniform light brown above, with an irregular dark brown line running from each eye

laterally along the body. Sides and limbs with very small dark spots. Tail usually

cylindrical lesueurii rhombifer
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EXPLANATION OF PLATES VII-VIII.

Plate vii.

Adult specimens of: A, Oedura tnarinorata (Atherton, North Queensland).
monilis (Warrumbungle Mts., N.S.W. ). C, Oedura tryoni (Hartley Creek, Qld. ).

robusta (Tamworth, N.S.TV.). E, Oedura lesueurii lesueurii (Sydney, N.S.W.).

lesueurii rhombifer (Hartley Creek, Qld.).

B, Oedura
D, Oedura
F, Oedura

Plate viii.

A, A series of Oedura tryoni (Lappa Junction, Qld.) showing- extreme pattern variation.

JB, Oedura tryoni (Hartley Creek, Qld.). C, Oedura tryoni (Condamine River, Qld.). D, Oedura
tryoni (Bundarra, N.S.W.). E, Oedura tryoni (Moonbi Range, N.S.W. ). P, Oedura marmorata
(Atherton, Qld.). G, Oedura marmorata (Coen, North Qld.). H, A series of Oedura marmorata
(Quambone, N.S.W.). I, Oedura monilis (Retro-Capella district, Qld.). J, Oedura monilis
(Warrumbungle Mts., N.S.W.).
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NOTES ON AUSTRALIAN MOSQUITOES (DIPTERA, CULICIDAE). II.

Notes on Anopheles stigmaticus Skuse and Description of New Species of Anopheles

FROM AtTSTRALIA AND NeW GUINEA.*

By N. V. DoBROTwoRSKY. Zoology Department, University of Melbourne.

(Three Text-figures.)

[Read 2Gth June, 1957.]

Synopsis.

Notes on Anopheles stigmaticus Skuse are given and the pupa is described. The adults,

pupa and larva of the closely related Anopheles pseudostigmaticus, n. sp., are described from
Victoria and notes are given on its biology and distribution. The adults, pupa and larva of

Anopheles papiiensis, n. sp., from New Guinea are described.

Introduction.

Anopheles stigmaticus Skuse has been recorded as having a wide distribution from

New South Wales through Queensland to New Guinea. It is clear, however, that, in

the past, a number of closely allied forms have been confused under this name. Thus
in an account of this complex in Queensland, Marks (1956) recognized five components:

four of these, pending further investigation, were not given taxonomic status; but the

fifth was described as a new species. Anopheles collegei.

New Guinean "stigmaticus" larvae showing morphological differences from

Australian forms have been recorded by Soesilo (1933) and by Bonne-Wepster and

Swellengrebel, and material from Minj, kindly sent to me by Mr. S. H. Christian, has

proved to be a distinct species. In some morphological traits the larvae do not conform

to the types found by the above authors, so that it is probable that more species or

subspecies of the complex from New Guinea have yet to be described.

The "stigmaticus" complex also extends southwards into Victoria and Tasmania.

In Tasmania only one species has so far been found but in Victoria there are two.

Most members of this complex are restricted to mountainous country at altitudes

up to 6,000 feet; those that occur in coastal plains breed only in shaded situations.

In southern Australia the water temperature of the breeding sites seldom exceeds

20°C.; Dr. Marks (personal communications) states that this also applies in Queensland.

The "stigmaticus" complex in Victoria.—When "stigmaticus" was first discovered

in Victoria in 1954, two types of larvae were found; one ("striped" form) is characterized

by the presence of a black longitudinal stripe along the dorsal side of the thorax and
abdomen; the other ("brown" form) is coloured uniformly brown. There are small

but constant morphological differences between the two types of larvae and also between
the pupae and adults. Usually the two forms do not occur in the same localities.

However, at one place, Maroondah, they are found together in the same breeding

sites, and investigations here have provided valuable evidence that they are distinct

species.

Maroondah is situated in the Hume Range at an elevation of about 1,500 feet.

The breeding sites are provided by a small stream which, running in a densely vegetated

valley, emerges into a clearing where it forms a shallow, grassy swamp. The creek

runs freely during the late autumn, winter and early spring, but during the summer
dries out, leaving only a few deep pools. Here, owing to the heavy shade, the water
temperature does not exceed 13^-14°C. These pools provide the breeding place for the

"striped" form.

* This work was supported in part by a grant from the Trustees of the Science and
Industry Endowment Fund of Commonwealth Scientific and Industrial Research Organization.

Proceedings of the Linnean Society of New South Wales, 1957, Vol. Ixxxii, Part 2.
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The swamp is fully exposed to the sun; an occasional stack of logs or tall grass

provides the only shade. On hot days the water temperature rises to 20°-25°C. The
edges of the swamp are the breeding places for the "brown" form.

After the autumn rains, however, the pools in the stream bed are flooded out and
larvae of the "striped" form are carried down to the swamp. Here, during the winter
months, both types of larvae are temporarily found together.

Laboratory experiments have shown that the two types of larvae have different

ranges of lethal temperatures. The 50% lethal temperature with five minutes' exposure
for the "striped" form is 37°-37-5°C., for the "brown" form, 39°C. An exposure of six

hours at 33 °C. is fatal to the "striped" form but not to the "brown" one. It is probable

that selection of breeding sites is strongly influenced by temperature preferences.

At Maroondah, therefore, the two forms are found in the closest association but,

though large numbers of adults and larvae have been examined, no intermediates have
been found. Evidently they are reproductively isolated and can be treated as distinct

species.

Anopheles stigmaticus Skuse.

Skuse, F. A., 1889, Peoc. Lixx. Soc. N.S.W., 3:17.59.

I have examined the type series (Macleay Museum, Sydney), which consists of

one male and one female. Both are faded with some legs missing and, unfortunately,

have been mounted on card triangles so that only one side can be examined. Never-

theless, some important morphological traits are recognizable, particularly in the male;

the upper part of the sternopleuron has two bristles, the haltere has a dark scaled knob,

the ventral lobe of the harpago has four setae and the longest leaflets of the phallosome

are curved. In the type female only one seta can be recognized on the upper part of

the sternopleuron; the haltere has a dark scaled knob.

This examination of the type material has shown that the Victorian species

referred to above as the "striped" form is in fact Anoplieles stigmaticus Skuse.

It seems to me necessary to point out some morphological traits which are important

for distinguishing this species from the closely related A. pseudostigmaticus, n. sp.,

because in descriptions of A. stigmaticus Skuse (I. Mackerras, 1927; Lee and Woodhill,

1944) apparently both species were used and some important features were not

mentioned.

Distinctive Character's : Adult with basal 0-7-0-8 of hind temur pale. Two or more

upper sternopleural bristles. Knob of haltere black scaled. Abdomen brown, segments

VII and VIII usually paler. Ventral lobe of harpago with four setae (Text-fig. 1, a).

Longest leafiets of phallosome curved (Text-fig. 1, 6). Larva pale with black longitudinal

stripe dorsally on thorax and abdomen. Pro-, meso- and meta-thoracic setae 9 and 10

single, simple (Text-fig. 1, d). Valve seta 13 very short (Text-fig. 1, e). Pecten with

17-19 spines (Text-fig. 1, /).

Descriptive notes: Adult: Fourth segment of female palps about 1-6 times as long

as fifth. Male proboscis about 1-7 times length of fore-femur, and 1-3 times length of

fore-tibia. Female proboscis equal to fore-femur and about 0-9 of fore-tibia. Sterno-

pleuron has 1 strong, and 1-3 weaker upper bristles and 2-3 lower bristles; 4-5 pre-alar

and 4-8 upper mesepimeral bristles. There is a conspicuous darkening of the wing

membrane near tip of Sc. Cell Ro 1-1-1-3 times the length of its stem in male and
1-1-1-2 times its length in female. Wing length: ^(^ 3-6-3-9 mm., $$ 3-6-5-0 mm.
Halteres have pale stem and black scaled knob. Abdomen dark brown, except segments

VII and VIII, which are paler. Ventral lobe of harpago with four setae. Phallosome

with about 15-17 pairs of slender, smooth leaflets, the longest curved.

Pupa: Trumpet broad, triangular. Abdomen (Text-fig. 1, c) : Segment VI: seta 1

single or 2-3-branched, half length of segment, slightly longer than 5; seta 2 short,

single or 2-branched; seta 3 single, slightly shorter than 1; seta 4 fine, 2-branched;

seta 5 stout, slightly plumose; seta 6 fine, single, as long as 4; seta 7 a short spine.

Segment VII: seta 1 long, single or 2-branched; seta 2 shorter, single or 2-branched;

seta 3 single, as long as 2; seta 4 short, single, or 2-branched; seta 5 slightly longer

than 1, slightly plumose; seta 6 very short, single; seta 7 a short spine. Segment VIII;
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seta 5 fine, single or 2-3-branched; seta 7 plumose. Paddle Avith short fringe; seta 1

single, stout, simple; seta 2 small, fine, 2-4-branched.

Larva: Pale with black dorsal longitudinal stripe on thorax and on abdominal
segments I-VI. Head, in young larvae, black, in IV stage, dark brown. Antennal
seta 1 short, 3-4-branched; seta 4 single. Metathoracic seta 1 plumose with about 12

slender leaflets. Segments I-VII of abdomen with narrow transverse tergal plate;

behind this, on segments I-VII or III-VIII, a pair of small plates, sometimes a second

Text-fig-. 1.

—

Anopheles stigmaticus Skuse. Male terminalia, a, harpago ; h, phallosome

;

c, pupa, dorsal view of terminal abdominal segments ; larva, d, pro-, meso- and metathoracic

pleural setae ; e, median plate of scoop ; f, pecten.

pair and sometimes a small median plate just behind the large transverse plate.

Pecten with 17-19 spines. Median plate of scoop broadened posteriorly; seta 13 single,

very short.

Biology: A. stigmaticus is a homodynamous species. It breeds in cold, clean water,

shaded by trees, and is confined to mountainous areas. The larvae have been collected

in stream-fed pools, at the edges of slowly running creeks, in pits in drying-out creeks

and in rock pools. Usually it breeds in association with Ae. queenslandis Strickland,

T. inconspicua Lee and sometimes A. annulipes Walker. During the winter, larvae of

A. stigmaticus may be washed down by floods from the usual breeding sites, and can

then be found in association with A. pseudostigmaticus, n. sp., and species which

associate with it. No adults have been taken biting, but in the laboratory they oviposit

after a human-blood meal. At laboratory temperature only a few eggs hatched, but the

remainder hatched immediately after the temperature of water was lowered to 10°-13°C.

There is here a striking resemblance to some species of Theobaldia (Dobrotworsky,

1954).
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Distri'bution: A. stigmaticus Skuse is distributed in Victoria and New South Wales
at higher altitudes. In Tasmania two larvae were collected near Hobart. A total of

SOJ'c? and 60?5 have been examined from the following localities: Tasmania: Hobart

Text-fig. 2.

—

Anopheles pseudostuimaticus, n.sp. Male terminalia, a. tergal view of right

part ; b, harpago ; c, phallosome ; larva, d, dorsal view of head ; e, pro-, meso- and metathoracic

pleural setae ; /,. leaflet from seta 1 abdominal segment IV ; g, pecten ; h, median plate of

scoop ; i, pupa, dorsal view of terminal abdominal segments.

(l.vi.48, E. G. Connah); Victoria: Lome (3.x., 31.X.55; 28.iii.56), Maroondah (xi.54; iii,

vii, ix.55; i, iii, iv.56) ; Woods Point (23.ii.55) all collected by N. Dobrotworsky, Tarra

Valley (15.xii.55, T. Pearce) ; New South Wales: Merricumbene (1.6.55, A. Dyce), Colo

Vale (26.4.54, D. Lee).
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Anopheles pseudostigmaticus, n. sp.

Types: The type series were bred from larvae collected at Maroondah, 26.6.56.

All specimens have their associated larval and pupal skins. The holotype male, allotype

female, six male and six female paratypes are in the collections of the National Museum,
Melbourne. One male and one female paratypes are in each of the following collections:

C.S.I.R.O. Division of Entomology, Canberra; School of Public Health and Tropical

Medicine and Macleay Museum, Sydney; University of Queensland, Brisbane; British

Museum (Natural History), London, and U.S. National Museum, Washington.

Distinctive Characters: Adult with basal 0-7-0-8 of hind femur pale. A single

upper sternopleural bristle. Knob of haltere pale scaled. Abdomen uniformly brown,

segment VIII usually paler. Ventral lobe of harpago with three setae (Text-fig. 2, b).

Phallosome with about 12-15 pairs of straight leaflets (Text-fig. 2, c). Larva brown.

Antennal seta 4 2-branched. Pro- and metathoracic seta 9 2-3-branched (Text-fig. 2, e).

Valve seta 13 very long (Text-fig. 2, Ji) . Pecten with 23-27 spines (Text-fig. 2, g).

Adult.—Male. Head: Vertex with very long, narrow, pale-golden upright forked

scales. Frontal tuft pale-golden; ocular bristles black; vertical pale-golden. Tori dark

brown; two apical fiagellar segments of antenna brown, others pale. Vertical hairs

long, pale. Palps slightly longer than proboscis (excluding labella), two apical segments

swollen. Proboscis black scaled, 1-3-1-5 times length of fore-femur, 1-0-1-3 times

length of fore-tibia. Thorax: Scutum brown, fossae and scutellum paler. Anterior

pronotum, part of posterior pronotum, patch on postspiracular area, subspiracular area

and meson all dark. Scutum with numerous golden acrostichal and dorso-central

bristles; bristles above wing roots and scutellar bristles dark. Anterior pronotum with

golden bristles; propleuron with a single bristle; 1 spiracular, 1 strong upper and 1-3

weak lower sternopleural bristles; 1-3 prealar and 2-3 upper mesepimeral bristles.

Legs: Fore- and mid-femora and tibia dark scaled above, pale below; basal 0-7-0-8

of hind femur entirely pale scaled, remainder dark. Tarsi dark scaled.

Wings: A slight darkening of the wing membrane covers tip of Sc and base of

M3+4. Cell R, about equal to length of its stem. Halteres pale, knob pale scaled. Wing
length 3-2-3-4 mm. Abdomen: Dark brown, except for paler VIII segment. Terminalia

(Text-fig. 2, a) : coxite short, blunt tapering, about twice as long as broad, with long

setae laterally and sternally; strong subapical spine on the inside; a stout parabasal

spine on elongate base. Style slightly longer than coxite, widened at both ends, with
8-12 fine setae along its inner side and 2-4 at apex; terminal appendage small. Ventral

lobe of harpago with three setae; two close together near the tip, third distant from
the first two. Dorsal lobe with four setae in a close-set row and a stronger fifth seta

distally between the row and ventral lobe. Phallosome with about 12-15 pairs of long,

straight, slender, smooth leaflets. Lobes of IX tergite widely separated, convex, with

numerous short setae.

Female: This differs from male as follows: Segments of antenna dark, almost black,

except base of first which is pale; vertical hairs black. Palps black scaled, as long as

proboscis (excluding labella) ; fourth segment about twice as long as fifth. Proboscis

black scaled, about equal in length to fore femur and 0-7-0-8 length of fore tibia. Labella

dark brown. Thorax: 1-3 lower and 1 upper sternopleural bristle; 1-4 prealar and
3-5 upper mosepimeral bristles. Cell R3 1-1-1-2 times as long as its stem. Wing length
3-3-4-0 mm.

Pupa: Trumpet broad, triangular. Abdomen (Text-fig. 2, i): Segment VI: seta 1

5-10-branched, about half length of segment, shorter than 5; seta 2 3-7-branched; seta 3

2-3-branched, slightly shorter than 5; seta 4 3-4-branched; seta 5 stout, plumose, half

length of segment; seta 6 long, 3-4-branched; seta 7 a stout spine. Segment VII: seta 1

4-9-branched; seta 2 3-6-branched; seta 3 2-6-branched ; seta 4 single or 3-branched;

seta 5 plumose, three-quarters length- of segment; seta 6 fine, 2-branched; seta 7 a spine.

Segment VIII: seta 5 fine, single or 2-6-branched; seta 7 plumose. Paddle with fringe;

seta 1 single, stout; seta 2 small; fine tuft, 4-5-branched.

Larva: Usually uniformly brown, sometimes with trace of blackish longitudinal

stripe dorsally. Head (Text-fig. 2, d) light brown with dark spots and median longi-
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tudinal stripe. Setae 2 close set, long, single, simple, often crossed; seta 3 single,

simple, shorter than 2; seta 4 single, simple, shorter than 3; setae 5, 6 and 7 plumose;

seta 8 single or 2-branched; seta 9 2-4-branched. Antenna with fine spicules all over

surface; seta 1 short, 2-4-branched; seta 4 2-branched. Thorax: Prothoracic seta 1

8-12-branched; seta 2 11-14-branched; seta 3 single, short (about half length of that in

A. stigviaticus) ; seta 9 2-3-branched, setae 10, 12 long, single, simple; seta 11 short,

single. Mesothoracic setae 9 and 10 very long, single, simple; seta 11 very short, single;

seta 12 2-3-branched. Metathorax with small transverse medial plate. Seta 1 palmate

with about 15-17 slender leaflets; seta 9 2-3-branched; seta 10 single, long; seta 12

short, 2-4-branched. Abdomen: Segments I-VII with narrow transverse tergal plate;

behind this on segments I-VII a pair of small plates; segments III-VII sometimes with

a small median plate behind large one; on segment VIII, tergal plate almost covering

dorsal side of segment. Leaflets of palmate seta with toothed edges distally (Text-

fig. 2, /). Pecten with 23-27 spines. Median plate of scoop broadening posteriorly;

seta 13 single, as long as width of plate where it arises. Saddle covered with fine

spicules; saddle hair long, single, simple. Outer hairs of dorsal brush with 5 long and
3-5 short branches; inner hair plumose; ventral brush of 15-16 plumose hairs. Papilla

about half as long as saddle.

Biology: It is a homodynamous species. No adults have been taken biting. The larvae

have been collected only in two localities in Victoria; at Maroondah in the grassy

edges of a swamp, with clean water and in ground pools, and at Baxter during the

early spring, when the larvae were found in the slowly running shallow water in a

grassy ditch at the side of a country road. At Merricumbene, New South Wales, Mr.

A. Dyce has collected larvae all the year round. They occur in rock pools, weedy
ground pools near the river margin and in seepage or overflow pools with clear or

slightly muddy water. The breeding places may be shaded by trees or exposed to the

sun; in the latter case, the larvae are most numerous among marginal grasses or in

the shade provided by an occasional log. The larvae of A. pseudostigmaticus have been

found in association with A. annulipes Walk., Ae. queenslanclis Str., T. inconspicua Lee,

C. fergusoni Taylor, and in a few cases during the winter-spring with A. stigmaticus

Skuse. In New South Wales they are also associated with Ae. alboannulatus Mag.,

C. cylindricus Theo. and C. psendomelanoconia Theo.

Distribution: It is distributed in eastern Australia from Victoria to southern

Queensland ("southern brown form", E. Marks, 1956). A total of 50 (S6 and 90 55 have

been examined from the following localities: Victoria: Maroondah xi.54, ix.55, i, iii,

vi.56; Baxter 19.vii.56 (N. Dobrotworsky) ; New South Wales: Merricumbene, xi, x.54;

1, iii, V, vi, viii, ix, xi.55; iv.56 (A. L. Dj^ce), Castle Hill, Waterfall; Colo Vale 26.4.54

(D. Lee); Colo Vale 26.10.54 (A. O'Gower) ; National Park (I. M. Mackerras).

Anopheles papuensis, n. sp.

Types: The type series were bred (4.8-8.10.56) from larvae collected at Minj, New
Guinea (S. H. Christian). All have their associated larval and pupal skins. The

holotype male, allotype female and six male and six female paratypes are in the

collectioji of Division of Entomology, C.S.I.R.O., Canberra. One male and one female

paratype in each of the following collections: School of Public Health and Tropical

Medicine, Sydney; Macleay Museum, Sydney; University of Queensland, Brisbane; The

National Museum, Melbourne; British Museum (Natural History), London; and U.S.

National Museum, Washington.

Distinctive Characters: Adult with 0-7-0-8 of hind femur pale. One upper sterno-

pleural bristle. Knob of haltere dark scaled. Abdomen brown, VIII segment paler.

Ventral lobe of harpago with three setae (Text-fig. 3, h) . Phallosome with 8-10 pairs

of straight leaflets. Paddle of pupa elongate, twice as long as broad. Larva dark,

abdominal segments IV and V pale. Head seta 5 much longer than setae 6 and 7

(Text-fig. 2, c). Prothoracic seta 9 long, 4-8-branched. Metathoracic seta 9 4-8-branch6d

(Text-fig. 3, e). Valve seta 13 about as long as half the width of the plate where

attached (Text-fig. 3, ?i).
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Adult: Male: Head: Vertex with long, narrow, pale-golden upright, forked scales.

Frontal tuft pale-golden, ocular bristles black, vertical pale-golden. Tori dark brown;

two apical flagellar segments of antennae brown, others pale; vertical hairs long.

Text-fig. 3.

—

Anopheles papuensis, n. sp. Male terminalia, a, tergal view of right part i

b, harpago ; larva, c, dorsal view of head ; d, prothoracie setae 1-3 ; e, pro-, meso- and meta-
thoracic pleural setae

; /,, leaflets from s§ta 1 abdominal segment IV ; g, pecten ; h, median plate

of scoop ; i, pupa, dorsal view of terminal abdominal segments.

pale. Palps slightly longer than proboscis (excluding labella) ; two apical segments

swollen, dark scaled with violet reflections. Proboscis black scaled, about 1-5 times

length of fore-femur, 1-1 times length of fore-tibia; labella light brown. Thorax: Scutum
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pale; blackish area between dorsocentral bristles and bare prescutal space; two lateral

broad, blackish stripes extending from scutal angle along supra-alar area. Meta-

postnotum blackish. Anterior pronotum, post-spiracular area, lower and upper part

of sternopleuron and meson all dark. Scutum with short golden bristles. Anterior

pronotum with golden bristles; propleuron with single bristle; 1-2 pale spiracular,

1 strong, long upper and 2-3 short lower sternopleural, 2-3 prealar and 3-5 upper

mesepimeral bristles. Legs: Fore- and mid-femora dark scaled except for pale stripe

postero-ventrally, not reaching apex; basal 0-7 of hind-femur entirely pale scaled,

remainder dark. Tibiae and tarsi dark scaled. Wings: clear, dark scaled, except

extreme base, which is pale scaled. Cell Ra about 1-1 times length of its stem. Haltere

with pale stem and dark scaled knob. Wing length: 3-3-3-6 mm. Abdomen: I-VII

tergites very dark, VIII pale with large dark median patch. Sternites I-V dark,

VI-VIII pale. Terminalia (Text-fig. 3, a) : Coxite short, blunt, tapering about twice as

long as broad, with long setae laterally and sternally; stout subapical seta and stout

parabasal spine on elongate base. Style longer than coxite, slightly widened at both

ends, with about 10 fine setae on its inner side and 3-4 at tip. Terminal appendage
small. Ventral lobe of harpago with three setae; dorsal lobe with four setae in a

close-set row and a stout fifth distally between row and ventral lobe. Phallosome with
8-10 pairs of straight, long, slender, smooth leaflets.

Female: This differs from male as follows: Segments of antenna dark, almost

black; vertical hairs black. Palps black scaled, slightly longer than proboscis (excluding

labella); fourth segment about 1-8-2-0 times as long as the fifth. Proboscis equal to

fore-femur and about 0-8 of fore-tibia. Propleuron usually with one bristle, but one
specimen has four bristles. Usually one upper sternopleural and four-seven mesepimeral
bristles. Wing length: 3-5-3-6 mm., cell Ra about 1-3 times the length of its stem.

Pupa: Trumpet broad, triangular. Segment VI (Text-fig. 3, i) : seta 1 4-5-branched,

slightly longer than 5; seta 2 fine, small, 6-branched; seta 3 fine, 2-branched; seta 4

fine, 3-4-branched; seta 5 strong, plumose, half length of segment; ^eta 6 fine,

2-branched; seta 7 a stout spine, half length of segment. Segment VIII: seta 5 fine,

2-3-branched ; seta 7 plumose with thickened shaft. Paddle elongate, twice as long as

broad; fringe short; seta 1 stout, single; seta 2 fine, small, 2-5-branched.

Larva: Body dark, pro- and mesothorax pale, segment V only slightly pigmented

dorsally, IV pale dorsally. Head (Text-fig. 3, c) with dark spots; setae 2 arising

close together, long, stout, single and simple; seta 3 stout, single, simple; seta 4 fine,

single, simple, about three-quarters length of 3; setae 5, 6 and 7 plumose; seta 5 the

longest, setae 6 and 7 about J-i length of 5; seta 8 small, single- or 2-branched; seta 9

larger, 3-branched. Antenna with fine spicules along inner side, becoming denser and
larger near seta 1; seta 1 arising near base of antenna, short, fine, with 2-3 branches;

seta 4 single. Thorax (Text-fig. 3, d and e) : Prothoracic seta 1 strong, 7-12-branched;

seta 2 arising from a sclerotized base, 12-14-branched; seta 3 single; seta 9 long,

4-8-branched ; seta 10 and 12 single, long; seta 11 single, short. Mesothoracic setae

9 and 10 long, single, simple; seta 11 very short, single; seta 12 moderately short,

3-branched. Metathorax with small, transverse median plate dorsally. Seta 1 palmate

with 12-16 slender leaflets; setae 9 and 10 long, seta 9 4-8-branched; seta 10 single;

seta 12 very small, 2-3-branched.

Abdomen: Segments I-VII with narrow transverse tergal plate; behind this on

II-VII, or III-VII a single small elongate plate. Segment VIII with large broad plate

almost covering dorsal surface of segment. Seta 1 on segments II-VII palmate, almost

black, with about 20-25 leaflets (Text-fig. 3, /). Pecten with about 20 spines (Text-

ng. 3, g). Saddle with fine spicules; seta 1 single, simple, long; ventral brush of 16

plumose hairs. Anal papillae almost twice length of saddle. Seta 13 as long as half

width of plate where attached.

Biology: The larvae have been collected in mountainous areas at altitudes of

approximately 6,000 feet in two localities: at Minj in semi-rock pool covered by pit pit,

a kind of swamp cane, and at Al Valey in a clear pool 6-8 inches deep, beside a

stream shaded by overhanging trees; the water surface was partly covered with
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watercress and fallen sticks. There were no other mosquito larvae in the first breeding

place; in the second Culex solitarius B.-Wepst. was breeding in the same pool.

Distribution: New Guinea: Minj 4.8-8.10.56 (S. H. Christian); Al Valey, behind

Nandugl, Central Highlands 25.8.56 (T. E. Woodward).
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DESCRIPTION OF TWO NEW SPECIES OF AUSTRALIAN BUPRESTIDAE
OF THE GENUS 8TIGM0DERA, SUBGENUS CA8TIARINA.

By C. M. Deuquet, B.Com.

(Two Text-figures.)

[Read 26th June, 1957.]

Synopsis.

The following are described as new: Stigmodera (Castiarina) adamsi and Stig. (Cast.)

harslettae.

StigjMOdeea (Castiaeina) adamsi, n. sp. (Text-fig. 1.)

Fere rotundata, thorace bulboso. Atro-rubea; thorace, subapicale macula, antenijis

et corpore infra nigris; pedibus concoloribus. Elytris rubris.

Head and pronotum nitid bronze-black; elytra red with extreme apical macula
black; antennae, underside and legs black with faint bluish tint.

Text-figures 1-2.

1. Stigmodera (Castiarina) adamsi, n. sp. 2. Stigmodera {Castiarina) harslettae, n. sp.

Head closely punctured, with a wide impressed line between the eyes. Thorax

short, bulbous, evenly rounded, smooth, shiny, evenly but minutely punctured; anterior

margin nearly straight, angles slightly produced, sides rounded, posterior angles acute,

base moderately sinuate, small medial basal fovea and shallow but rather wide

laterobasal depression. Scutellum cordate, concave at centre. Elytra slightly widened

behind shoulders and also past middle; punctate-striate, the striae containing series of

well-marked round punctures, the intervals smooth and only slightly raised, apices

finely bispinose, the apical margins strongly denticulate. Underside minutely punctate

and almost glabrous. Dimensions: (^ 11 x 4 mm.; $ 12* x 4| mm.
Habitat: Edungalba (Dawson River), Queensland (E. E. Adams).

Three specimens sent to me by Mr. Ernest Adams, a most enthusiastic and

experienced Queensland collector, were taken by him in November on very young shoots

of Brigalow saplings {Acacia harpophylla) right on top of the young tree. This insect

Proceedings of the Linnean Socie;ty of New South Wales, 1957, Vol. Ixxxii, Part 2.
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belongs to the rufipennis L. & G. group, and although it much resembles a small-size

rufipennis, a careful examination will easily separate them. The shape of its prothorax

and elytra makes it appear as a much reduced replica of Stigviodera bremei Hope, but

the species to which it is most closely allied is Stig. nigriventris Macl., from which it

is clearly differentiated by: (1) its larger size, (2) narrower apical lunation, (3) heavy

denticulation of apical margins, (4) much shorter and narrower apical mark, (5) absence

of coloration in its sutural margin, (6) more globose and rotund prothorax, (7) elytra

gently and regularly tapering to apex, while the apical form of Stig. nigriventris is

decidedly subtruncate.

Type in the Australian Museum, Sydney. One paratype each to Mr. Adams and the

author.

Stigmodera (Castiarina) harslettae, n. sp. (Text-fig. 2).

Elongata, parce convexa, fere plana. Caput et pronotum splendide aureo-virides,

hie prope posteriores angulos fortiter punctatum. Elytra sanguinea, punctato striata,

cum fasciis duabus, prima post humeros, secunda post medium posita et macula

cordiformi postica viridi-auratae. Corpus subtus omnino viride, modice punctatum,

parsim argenteo-pilosum.

Elongate, rather flat, widely navicular, sharply attenuate towards apex. Head
bright green at apex, green with golden reflections nearing the base. Pronotum golden-

green, most brilliant on disc and near the posterior angles. Antennae steel-green;

scutellum, legs and the whole underside bright green. Elytra sanguineous, with the

suture widely near the base, a large fascia below the shoulders, another past middle

and a wide cordiform subapical patch green with golden iridescence along the suture.

All these markings widely connected to the suture but nowhere reaching the lateral

margin.

Head canaliculate, deeply excavate between eyes, closely punctate, especially towards
sides. Pronotum wide and rather flat, widest at middle, apex only slightly sinuate,

sides diverging strongly till past the middle, then parallel to the base, which is slightly

lobed, surface deeply punctate especially towards sides, disc irregularly punctured
and showing smooth glossy patches on vaguely-defined dorsal line and coarser punctures

at base and towards the sides, a small foveate depression at middle of base, and on each
side near the posterior angles a neatly defined oblong depression. Scutellum smooth,
cordiform, sharply pointed backwards, central part depressed. Elytra only slightly wider
behind shoulders and widest behind middle, then converging to subtruncate apex, finely

and evenly punctured, crenate-striate. Apex smoothly rounded, not spinose. Underside
minutely covered with whitish pubescence. Dimensions: 16 J x 6i mm.

Hahitat: Southern Queensland: Stanthorpe district (Mrs. J. Harslett).

A magnificent insect, of which two specimens were captured by Mrs. J. Harslett, a

young, energetic and learned Queensland entomologist, whose name it affords me great

pleasure to associate with that of this rare beetle. It is superficially like S. ignota
Saund. but differs from it (1) by its wholly green underside while the abdomen of

S. ignota is yellow, (2) by its pronotal depressions or foveae, absent in ignota, (3) by
its subtruncate and spineless apex, whereas each elytron of ignota is finely bidentate,

and (4) by the different pattern of its elytra.

Type in the author's collection. Paratype in Mr. A. Gemmell's (Mrs. Harslett's

father) collection.

To Mr. A. Musgrave, Entomologist of the Australian Museum, Sydney, I wish to

express my thanks for his help and unfailing courtesy during my visits to the Museum,
and also to Miss Goodwin for her neat drawings.
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STUDIES ON THE DISPERSAL BY UPPER WINDS OF APHIS CRACCIVORA
KOCH IN NEW SOUTH WALES.

By Bbuce Johnson, Waite Agricultural Research Institute, University of Adelaide.

(Two Text-figures.)

[Read 26th June, 1957.]

Sy7iopsis.

Large influxes of migrants of Aphis craccivora Koch occur in the spring of some years
in the central coastal districts of New South Wales. Evidence is given that the aphids
originate from pasture legumes and weeds growing over an extensive area two to three

hundred miles to the north-west, where the climatic conditions at the time are particularly

suitable for the development of large infestations. As the season advances, conditions in the

breeding area become progressively more extreme until the host plants of the aphids die out

almost completely. When the infestation is at its peak winged migrants are produced in

large numbers and as they fly off they are dispersed by winds to the surrounding districts.

The arrivals of migrants in the central coast in 1951 were found to follow periods of north-
westerly upper winds which were blowing for long enough in three out of four cases at the

wind speeds recorded to transport the aphids over the 2-300 miles in less than 24 hours.

An account is given of the arrival in Sydney of a dense swarm of aphids which had apparently
been carried out to sea by the uyiper winds and brought in to the coast again on a sea breeze.

Introduction.

In the spring of some years migrants of the cowpea aphid (Aphis craccivora Koch)

arrive in vast numbers in the central coastal district of New South Wales. Before

their arrival aphid colonies are not abundant, and it is apparent that the migrants

originate from somewhere outside the district. The Government Entomologist at

Gosford, in the central coast, reported that the aphids arrive in several flushes which

begin about mid-September, and that the arrivals appear to follow periods of north-

westerly winds (Hely, 1949 and personal communication). An attempt was made by

A. Dyce (unpublished thesis. University of Sydney) in 1950 to locate the breeding area

of the aphids, but there were no plagues in that year and he was unsuccessful. From
New South Wales Department of Agriculture records of the occurrence of Aphis

craccivora in New South Wales, Dyce suggested that the area around Moree in the

north-west of the State may be the breeding ground of the aphids, as large spring

infestations of pasture legumes occur there.

During 1951 a further attempt to locate the breeding area of the aphids was made.

In that year there were heavy aphid plagues and it was possible to obtain evidence

in support of Dyce's theory.

A. craccivora is a black aphid with a wide host range of mainly leguminous

plants. In years when it is abundant it is a serious pest of crops such as cowpeas and

broadbeans, and it forms large colonies on pasture legumes and various weeds. In

New South Wales the aphids persist throughout the year in the parthenogenetic form.

Migrants of the spring plagues alight in large numbers on French bean plants which

at the time are generally in the young two-leaf stage. When the influxes are heavy

the growing shoots of the plants become completely encrusted with alatae and the

plants are damaged in consequence. Alatae of A. craccivora are also probably

responsible for the transmission of bean mosaic virus in this region.

Vegetation and Terrain of New Soxtth Wales.

Immediately to the west and north-west of Gosford and continuing for about 50 miles

the vegetation is uncleared natural scrub with very few host plants of A. craccivora.

Beyond that and distributed over much of the State are pastures containing legumes

and particularly burr medic (Medieago hispida var. denticulata) which is a favoured

host plant.

Proceedings of the Linneian Society of New South Wales, 1957, Vol. Ixxxii, Part 2.
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Running north-south along the length of New South Wales and separated from the

coast by a narrow coastal plain is the Great Dividing Range of mountains which

extends up to about 5,000 feet in height. This range is more or less continuous except

where the Hunter River Valley bites deeply into it about 50 miles north of Gosford.

North of this, two extensions of the range branch off towards the west enclosing the

Liverpool Plain, and north, south and west of this the land falls gradually to the

western plains which extend inland for hundreds of miles.

Survey of North-West of New South Wales in 1951.

In mid-September of 1951 a survey was made of the country to the north-west of

the central coast. The route of the survey was planned to cover as much of the area

of suspected origin of the aphids as possible. The survey was by car and stops were

MOUNTAIN RANGES

LAND CVER 2,000 ft.

SURVEY ROUTE— No aphid colonies

Hodvy infestations

Videspredd small colonics

.._._._ Scattarad alataa with

- feui Idrvdt

SCALE

Text-fig. 1. Route of survey of north-west district of New South Wales in 1951 showing"
the intensity of the infestation of available host plants by A. craccivora.

made every few miles, the distance between stops depending on the nature of the

vegetation. An inspection of plants was made alongside the road and some distance

away from it, when possible through a fence.

A map of the route is given in Text-figure 1, which also summarizes the extent

of the infestations of A. craccivora that were encountered. The aphids were mostly

breeding on burr medic and shepherd's purse (Capsella bursa-pastoris L.), both of

which plants were very widespread; colonies were found on other plants in the aphid

breeding area, although these were not so uniformly heavily infested.

No aphid infestations were fourfd due west of the central coastal area, although

on the west of the Great Dividing Range medic growth was good and healthy plants

were numerous. About 200 miles north-west of Gosford, near Gilgandra, a small patch

of burr inedic was heavily infested with aphids and in the next 50 miles a number of

isolated heavily infested plants were found.
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The town of Coonamble, 250 miles north-west of the central coast, was reached at

3 p.m. on 18th September and was experiencing a heavy swarm of aphids. The aphids

were swarming in the town and for about 30 miles along the route beyond Coonamble,

and were dense enough to cause annoyance to pedestrians. The aphids constituting

the swarm were A. craccivora and Rhopalosiphum pseudobrassicae In about equal

numbers. The host plant of the latter species was not found.

Very heavy infestations of A. craccivora were found on legumes and weeds at

Coonamble and practically every host plant that was examined along the route for

the next 300 miles, i.e. until the route re-entered the mountains again in the east,

near Gunnedah, was supporting a thriving colony of A. craccivora. The plants over

most of the area were showing signs of wilting and winged migrants were being

produced in large numbers.

Towards the highlands the extent of the infestation fell off and there were patches

of medics free of aphids. Further east the infestation was of more recent origin, the

colonies were smaller and no alatae were being produced. In the mountains the medics

had only recently become infested, alatae were common but they were immigrants and

had not been produced there. These conditions continued along the remainder of the

route to Sydney. In the Hunter Valley several old colonies were found on medics but

there was no general infestation as existed in the north-west.

Throughout the survey it was noticed that the aphids preferred medic plants that

were not showing strong luxuriant growth. In the areas where the infestation was very

extensive and heavy, the plants were small and spindly and at the time of the survey

were beginning to wilt, due to lack of moisture. South of the south-western limit of

the aphid breeding area the medics were generally larger and in a more lush condition.

Lush healthy plants growing in ditches and other well-watered spots in the breeding

area were frequently uninfested while nearby plants growing under more stringent

conditions were heavily infested. The impression gained was that the climatic

conditions in the airea favoured the type of growth of burr medic that was preferred

by the aphids, and that to the south and east of this the medics were more luxuriant

and therefore less suitable for the aphids and remained uninfested.

A notable feature of the infestation of the breeding area at the time of the survey

was that parasites and predators were virtually absent. The infestation had reached

its peak apparently before the natural enemies were able to check the aphid numbers
and the consequent overcrowding of the plants contributed towards the abundant
production of alatae.

Weather and Climate of Aphid Breeding Area.

In August and September the weather in the aphid breeding area is mainly fine

with warm temperatures that during the day rise to as high as 80 °F. There is a

monthly rainfall of 2-4 inches but the P/E ratio throughout this period is low.

September is the month in which the aphid population is at its maximum and the

climatic map for that month showing mean temperature and P/E ratio is given in

Text-figure 2.

De Long and Mathewson (1925) found that optimum conditions for aphid multi-

plication and development were high temperature and low humidity. These conditions

prevail in the breeding area in spring. East of the area there is a higher P/E ratio and

lower temperature, while south of it the temperature is lower. North and west of the

area conditions become progressively hotter and drier, and host plants of the aphid

are probably less plentiful.

Besides directly affecting the aphids, temperature and moisture have an indirect

effect through the host plant. The warm dry conditions in the breeding area produce

a spindly type of plant growth that is apparently preferred by the aphids, whereas the

lower temperatures and higher rainfall of the adjacent areas to the south and east

lead to more lush plant growth.

Later in the season the regions to the south and east of the breeding area infested

in September become drier and warmer, and conditions there would then become more
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suitable for aphid multiplication; heavy infestations would most likely develop there.

There is, however, no information available to indicate whether in fact this is so.

Climatic conditions in the north-west during and preceding September and October,

in that they enable the development of large colonies of aphids, and later cause wilting

of the host plants, are favourable for the production of winged migrants. This

production of migrants occurs over an area of probably more than 10,000 square miles

in which climatic conditions are more or less uniform, and the result is that vast

numbers of alatae reach maturity and take off at about the same time.

Tex-fig. 2. Climatic map of New South Wales for September.

Atlas of Australia and Davidson (1935).

Lass thdn OS

After The Climatological

Dispersal from Breeding Area.

When alate aphids take off from their parent host plant they fly straight upwards
(Moericke, 1955); once they are airborne they may be carried aloft by vertical air

currents and dispersed by winds (C. G. Johnson, 1951). The aphids produced in the

north-west area are probably dispersed in all directions, depending upon the direction

of the wind blowing at the time they take off.

The New South Wales Department of Agriculture (Insect Pest Records) recorded

that crops of carrots grown at Armidale in the northern -tablelands of New South
Wales became infested by black alate aphids in September of every year from 1942

to 1951. These aphids in all likelihood originated from the north-west area and were
carried to the tablelands by winds. '

The arrival of swarms of alatae of A. craccivora In the south-east of Queensland in

September, 1948 and 1951, was reported by the Queensland Department of Agriculture.

The swarms were not thought to be of local origin but followed periods of south-

westerly winds which had probably blown them from the breeding area.



BY BRUCE JOHNSOIf. 195

In the central coast of New South Wales arrivals of small numbers of A. craccivora

occur in most years (Hely, 1949), but in 1948 and 1951 there were very heavy plagues.

Relation of 1951 Aphid Arrivals in Central Coast of New South Wales
TO Wind Data.

In 1951 the dates of arrival of the aphids in the central coast were determined and

compared with wind records supplied by the Meteorology Bureau of Sydney. The first

two arrivals were recorded at Gosford and the last three at Sydney.

The dates on which the aphids arrived were obtained in various ways. The

aphids frequently arrive quite suddenly and, in some instances in the past, crops that

on one day were quite clean, on the next were literally covered with migrants. The

Government Entomologist at Gosford reported that there was a small arrival on

14th September; the aphids were only noticed by one farmer. On the morning of the

19th September large numbers of aphids were observed on French bean crops throughout

the Gosford district. The third arrival was recorded at Sydney on 1st October, when
numbers of aphids were found on French bean plants that had been free of aphids

three days previously. This arrival could have occurred at any time between

28th September and 1st October; evidence presented later suggests that it occurred on

29th September. The fourth arrival was on 13th October; bean and medic plants free

of aphids on the previous day were heavily encrusted with migrants on the afternoon

of the 13th. As many as 146 winged aphids were found on a single young bean plant.

The final arrival was recorded on two large French bean plants that had been kept

in an exposed position for several days and the aphids removed from them at intervals

of one or two days. Between two and five aphids were removed each time the plants

were cleared until 23rd October, when 180 and 124 aphids were taken.

These observations suggest that there were at least five major arrivals of alate

aphids in the central coastal area. There may have been smaller arrivals of aphids

on other days, but if they did occur it was not possible to detect them by the methods
used.

The wind records available included data on surface winds at Sydney, and upper

winds at Sydney (Mascot station), Wellington and Cloncurry. These three stations

approximately enclose the area under consideration and their records were very similar.

The records from the Mascot station are most complete and are given here. Wind
speed and direction are recorded at Mascot at several heights up to 7,000 feet at

six-hourly intervals except in unfavourable weather. The winds during and preceding

each of the aphid arrivals are given in Table 1. The upper wind records are for

3,000 feet, as the data for this height were most complete and above 1,000 feet wind
speed and direction did not vary appreciably with height.

Due to the occurrence of sea breezes along the coast, surface winds change
direction considerably during the day. North-westerly surface winds were recorded on

20 days during September and October, 1951, but they only occurred on three out of the

five days of aphid arrivals: on two of these days they were blowing for one hour and
on the other for three hours.

For the 24 hours preceding each of the aphid arrivals upper winds blowing from
the north-west quarter were recorded. The aphid arrival that was noticed on 1st October

probably actually occurred on 29th September, as during the three days between
observations the only period of persistent north-west upper winds was from 28th to

29th September, the rest of the winds during the three days being from the south-west

and west.

From the wind records it was possible to calculate an approximate time for the

aphids to accomplish the journey. The results are given in Table 2. It was assumed
that the aphids originated 200-300 miles away. Their speed was obtained by taking

the average of the wind speeds at 3,000 feet from 0800 hours of the previous day to

0800 hours of the date of their arrival on the coast.

With the exception of the first aphid arrival, the journey could have been accom-

plished in less than 24 hours and, provided the aphids left the breeding area before

midday, they probably would have arrived on the coast some time before the next
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morning. The first arrival is more difficult to account for but, as only a few aphids

arrived on the coast, it is conceivable that they were airborne for the long period

indicated and that very few survived the journey.

Table 1.

Wind Data at Sydney During and Precding Aphid Arrivals in 1951.

North-westerly Surface

Winds.

Wind at 3,000 Feet.

Date. Time.

Hours. Miles. 0200 0800 1400 2000

September 12.

13.

14.

1

1

10

11

01, 16*

24, 06t
34, 08

"30, 17

30, 15

01, 12

32, 04

35, 05

30, 12

29, 38

24, 05

31, 14

34, 05

34, 02

03, 04

32, 06

29, 14

34, 11

31, 15

02, 11

03, 04

18.

19. 17, 17

28.

29. 26, 31

October 12

.

13,

2

3

9

7

34, 15 32, 13

33, 12

33, 11

31, 18 34, 29

22.

23. 1 14

32, 07

26, 14t

35, 14

31, 12

32, 21

30, 33

35, 35

27, 20

* The first two figures indicate the direction of the wind to the nearest 10° ; the second two figures

indicate the velocity in knots.

t The wind at 4,000 feet was from the north-west quarter.

Record of Aphid Arrival in 1948.

In 1948 heavy infestations of pasture legumes in the north-west were recorded by
the New South Wales Department of Agriculture and influxes of alatae occurred on

the central coast and other places. The precise date of only one arrival at Sydney is

known and this is of particular interest, as it involves a large swarm of aphids that

arrived during the daytime.

Table 2.

Travelling Times Calculated for Dispersal from North-West Area to

Central Coast.

Date. Wind Speed. Travelling Time.

September 14 7 m.p.h. 30-43 hours

19 20 ., 10-15 „

29 13 „ 15-23 „

October 13 13 15-23 „

23 20 " 10-15 „

A Sydney daily newspaper {Daily Telegraph, 11.10.48) reported that winged aphids
arrived on the foreshore of Sydney in the early afternoon of 10th October and that they
were so numerous that they were troliblesome to surfers and pedestrians. At the time
they arrived there was a north-easterly sea breeze of 8-12 m.p.h. blowing and for

24 hours prior to their arrival there had been strong north-westerly upper winds of

20-30 m.p.h. As the aphids arrived on the coast from over the sea and as there is no
land for thousands of miles in the direction they came from, the aphids must have
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been carried out to sea by the upper winds, then lowered and brought in to the coast

again on the surface winds. As the aphids arrived in vast numbers and there would
probably be a high mortality among aphids flying at low levels over the sea, it is

unlikely that they would have been carried far from land and most of their travelling

prior to arriving on the coast probably occurred in the upper winds. If the aphids took

off at 9 a.m. on the same day they could have travelled a distance of nearly 200 miles

by the early afternoon. At this distance to the north-west of Sydney the pasture

legumes by early October would have been heavily infested with aphids and producing
abundant alatae.

Discussion.

Studies on the dispersal of alate aphids have shown that they are frequently

carried by ascending air currents to great heights above the ground and that once aloft

they may undergo extensive horizontal displacement (C. G. Johnson, 1951). Thus

Hardy and Milne (1937) trapped many alate aphids in nets flown from ships in the

North Sea 120 miles from land, and Elton (1925) recorded finding large numbers of

alate aphids, which had apparently been blown there, on Spitzbergen, 800 miles from

the nearest place where they could have bred. The evidence outlined above suggests

that there is an annual dispersal of alatae of A. craccivora from an extensive breeding

area of more than 10,000 square miles in the north-west of New South Wales to

surrounding areas where climatic conditions had previously been less favourable for

aphid infestations to develop. The aphids are probably dispersed in all directions from
the breeding area and those which were reported from south-east Queensland and the

New South Wales coast constitute only a small part of the total aphids leaving the area.

Although the weather in the north-west area from August to October is normally

warm and dry, about 2-4 inches of rain fall each month. This rain results in an

Improvement of plant growth, but as the weather is mostly dry it does not favour lush

plant growth or the development of epidemics of entomophagous fungi as might be

expected in more humid weather. The overall effect is therefore to provide more food

for the aphids and to prolong the infestations.

After the end of October the climate of the north-west breeding area becomes too

hot and dry for ephemeral plant growth and the area ceases to support large aphid

colonies. Throughout summer the host plants of the aphid die off almost completely

and not until autumn and winter do they begin to grow again. This leaves a period

of several months during which the breeding area must be almost free of aphids.

Meanwhile, in less extreme climates, in the highlands and along the coast, the aphids

probably oversummer in larger numbers and crops of cowpeas grown in autumn in

these areas for green manure frequently become heavily infested. It is conceivable that

migrants produced from such crops would become redistributed over the north-west

area, where they could become re-established on young plants and so form the nucleus

of the next spring infestation. In this respect the biology of A. craccivora in New
South Wales resembles that of Toxoptera graminum in Texas, where spring infestations

of cereals and grasses exist and spread northwards as the originally infested areas

dry out (Wadley, 1931).

C. G. Johnson (1952) has shown that under English summer conditions alate

aphids take off in one or two major flushes from infested plants, the flushes occurring

in the late morning and afternoon. In the north-M'est breeding area it is probable

that similar flushes occur, and as weather conditions over the area are very uniform,

vast numbers of aphids take off more or less simultaneously. This would result in the

aphids being carried away from the area in swarms of a comparatively high density.

This theory would seem to be supported by the fact that such large numbers of aphids

arrive on the coast and that in 1948 the arrival of a dense swarm of aphids was actually

experienced at Sydney. The uniformity of the weather conditions, and therefore of

aphid behaviour, over much of the breeding area is indicated by the occurrence of

swarming aphids along 30 miles of the survey route in 1951. On the same day

A. Dyce (personal communication) recorded that aphids were also swarming at Burren

Junction, about 50 miles to the north-east. It is probable that although weather
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conditions at the time were suitable for aphid flight, there were no vertical air currents

and the aphids remained near ground level, becoming more and more dense as more

aphids reached maturity and took off. On the following day a heavy aphid arrival was
recorded at Gosford, so it appears that either the aphids swarming in the north-west

were the tail end of the departure for that day or these same aphids were lifted by

vertical air currents developing later in the day and transported by horizontal upper

winds to the south-east.

The arrival of such large numbers of aphids in the central coastal district suggests

that more than a general fall-out from the upper air is responsible for their concentra-

tion there. It is possible that the aphids normally arrive on the coast in the same way
as the 1948 swarm and that they are brought in to the coast on sea breezes and

delivered as it were as a continuous stream; thus with successive "dumping" there

would be a concentration into one small area of aphids which started their journey

at different distances from the coast, or at different times of the day.

For most of the arrivals it would appear that the aphids must have been airborne

at least for part of the night, and some arrivals may have taken place during the

night. Turbulence and convection currents in the upper air continue after sunset but

they decrease gradually in intensity. Aphids still in the air at sunset probably fall out

during the night (C. G. Johnson, 1951), although the length of time taken to reach

ground level may be considerable and would depend on their original height above

the ground and the extent of the forces tending to keep them in the air, such as

upcurrents and the persistence of their own flight.

Carrot crops in the Northern Tablelands and French beans at Gosford are infested

annually by alatae of A. craccivora, but only in 1948 and 1951 were there very heavy

plagues. There is at present no evidence to indicate whether this irregular occurrence

of heavy plagues of migrants is due to a failure of the infestation in the north-west to

develop and provide sufficient alatae, or to the absence of suitable wind and weather

conditions to transport them in large numbers to the surrounding areas.
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A PRACTICAL METHOD FOR THE VEGETATIVE PROPAGATION OF
EUCALYPTUS.
By L. D. Pbyor.

(Plate ix.)

[Read 26th June, 1957.]

Synopsis.

The successful vegetative propagation of Eucalyptus linearis is recorded. This was
achieved by air-layering using peat moss and polythene film. Each of eight layers tried was
successful.

The vegetative propagation of Eucalyptus has been difficult and the best method

so far reported is "bottle grafting" (Fielding, 1948; Pryor, 1957). While in some
circumstances this has given satisfactory results, it has disadvantages. These are

mainly that it is too slow for large-scale work, somewhat inflexible in the tinie and

circumstances in which the graft can be made, and it has uniformity only in the

scions, each of which must be grafted onto a separate seedling stock.

All commonly recognized methods of vegetative propagation have been tried with

Eucalyptus and most have resulted in failure or at the best a very low percentage of

success. Amongst these methods air-layering (Chinese grafting, or marcotting as it is

variously called) has been tried previously but without success. While this method,

as used traditionally, is known to have been useful with some plants which are hard to

propagate, it is exceedingly difficult to attend satisfactorily to the treated plants to

ensure good results. The advent of polythene film, however, makes this a simple and

practical method which has already been used on plants of horticultural value (Wyman,
1952; Hanger and Ravenscroft, 1954).

A substantial number of trials is in progress with Eucalyptus, but as these are

incomplete it is not yet possible to say precisely which variation of traditional

marcotting is the best technique for the genus. It is clear, however, that this method

is likely to afford a reliable and certain way of propagating within the genus and

there is prospect of its being cheap enough to be adequate for large-scale operations.

For experimental and breeding work it offers great promise.

Method.

Mr. Rudolph Willing, from previous experience in which he was able to develop

roots successfully on some kinds of deciduous fruit trees, felt that a similar technique

would be likely to succeed with Eucalyptus. He made first trials on E. linearis in

September, 1956. Freely growing branches about two feet long and half an inch in

diameter at the base were selected for treatment. The bark was removed in a ring

about half an inch wide and the cambium scraped from the surface of the wood. A
second narrow strip of bark about one-sixteenth inch on the distal side of the ring

was removed and the cambium left intact. This was covered at once with a handful

of dead peat moss which was quite moist but not water saturated. This was bound

and held in position with a wrapping of polythene film tied (about four inches apart)

at either end. In turn this was covered by a wrapping of fabric (such as organdy) to

prevent bird pecking. Vigorous callus developed, particularly on the distal side of the

ring, and this proliferated freely. After four months roots formed from this callus

and filled the peat moss wrapping. No additional watering of the peat moss was
necessary during this whole period.

The rooted shoots were severed immediately below the ring, given some top pruning

and taken from the tree, and potted up. The root growth was then very vigorous and

the plants established themselves readily in the glass house in pots. Similar results
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were obtained with young plants of E. bicostata and E. fastigata. It appeared that

best results are obtained in warmer weather when growth is more active, but there

is a suggestion that in very hot weather conditions become less favourable for rooting.

Future Development.

The examination of various alternatives and the development of the best technique

still await results of substantial tests which are at present being carried out.

It is now clear that air-layering using polythene film is likely to be as good as and

perhaps better than any method discovered of vegetative propagation of Eucalyptus

and it is likely to be satisfactory for large-scale propagation.

For experimental work and the application of the results of Eucalyptus breeding

it is particularly suitable. It is probable that layers can be taken from mature trees

which are already carrying flower buds and that these can be brought into the glass

house for subsequent manipulation.

Unlike grafted stock, a layer is on its own roots and therefore the source of

variance in experimental work which grafting introduces is removed.

The extent and nature of the variation in layerings with shoots of different age,

species, season, chemical treatments and so on, await the result of further experiments

which are under way, but it is obvious that air-layering will play an important part

in Eucalyptus breeding and propagation in the future, and therefore tlie notably

successful though preliminary results which have so far been achieved are reported here.
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EXPLANATION OF PLATE IX.

Fig. 1.—The ring freshly prepared.

Fig. 2.—The prepared layer with peat moss, polythene and organdy wrapping.

Fig. 3.—The same as Fig. 3 with the organdy removed.

Fig. 4.—The same as Fig. 2 with polythene removed.

Fig. 5.—Showing the callus and root development after careful removal of the peat moss.

Fig. 6.—The well-rooted layer four weeks after potting. Note the vigorous growth of new
shoots from dormant buds.

In all cases the species is Eucalyptus linearis.
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POLYPLOIDY IN THE PSILOTALES.

By H. N. Barber, University of Tasmania,- Hobart.

(Plate vi.)

[Read 29th May, 1957.]

Introduction.

The Psilotales are a primitive and morphologically isolated group of Pteridophytes.

There are two living genera

—

Psilotum and Tmesiptei'is. The delimitation of species

in both genera has been the subject of controversy by herbarium botanists for the last

150 years (for references see Wakefield, 1943). As in so many other groups, it is

clear that no final taxonomic decisions can be reached by the use of these restricted

methods. Field work combined with cytogenetic evidence is needed. The present cyto-

logical investigation was started with the object of studying the many problems of

physiological genetics presented by the alternation of generations in these plants; but

it has led inevitably to the consideration of taxonomic problems.

The earlier literature on the cytology of Psilotum has been summarized by Manton

(1942 and 1950). Diploid (2n = 104-108) from Japan and Ceylon and tetraploid forms

(2n = C.208) from New Zealand and Malaya have been reported. Prothalli from New
Zealand are diploid with just over 100 chromosomes. Bierhorst (1953) gives a gameto-

phytic number of 100 ± 10 and a sporophytic number of 200 ± 15 in material probably

derived from the Gulf-Caribbean area.

In Tviesipteris Yeats (1925) has reported 2n = c.200 for New Zealand sporophytes.

Manton (1950) has found 2n := 400-500 in plants from a Botanic Garden near Dublin.

She states that the plants may have originated from Tasmania but her illustration

(fig. 238) is unlike any Tasmanian plant I have seen.

The following account is based on an examination of material collected in New
South Wales, Victoria, Tasmania and New Zealand. Tmesipteris has the convenient

property of growing normally for periods of up to twelve months in tightly stoppered

glass bottles lined with moist filter paper. New crops of sporangia showing a normal

meiosis may develop under these conditions. Preparations of meiosis were made using

aceto-orcein (Darlington and La Cour, 1942). Even with chromosome numbers as high

as 400 gentle pressure on the coverslip will help to separate the chromosomes. Counting

is difficult and although many of the counts have been checked photographically, a 5%
error is still possible. In general the higher estimates are to be preferred, since they

were usually obtained from cells in which the chromosomes had spread better in

squashing.

Psilotum.

Psilotum triquetrum Swartz (- nudum Beav.) occurs in two well-marked forms in

the Sydney district. One form, occurring in dry crevices of sandstone rocks, is a bushy,

upright plant harsh to the touch. The other is a soft pendulous form growing in the

moister gullies. Both forms are cytologically indistinguishable, the best counts giving

100-105 bivalents at the first metaphase of meiosis (see Table 1). The Australian plants

are thus tetraploid in comparison with the diploids from Ceylon and Japan.

The other species in the genus is Ps. flaccidum for which Manton (1950) reports

2n = 104-108.

Manton and Okabe (1929, cited in Manton 1942) have reported the formation of

m.ultipolar spindles during the meiotic divisions. Such spindles (see Manton, 1942,

figs. 9-13) are common in Australian material fixed during the winter. The abnormality

may cause extensive spore sterility. That the abnormality is simply a consequence
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of meiosis taking place at low temperatures is shown by the following facts: (1) Mature
sporangia collected in August have well formed spores. These sporangia presumably
went through meiosis early in the autumn. (2) Spindle formation becomes normal
when cut shoots collected during the winter are kept in water in a warm laboratory

(c. 18° C.) for a few days. If such shoots are then placed in a refrigerator at 4° C,

Table l.

Chromosome Numbers in Psilotum.

Gametic

Locality. Number. Remarks.

Sommersby (N.S.W.) >95 Pendulous form.

Sydney (N.S.W.) c. 104 Pendulous form.

Narrabeen (N.S.W.) 102-104 Bushy form.

Pearl Beach (N.S.W.) .

.

102-104 Bushy form.

MacPherson Range (Qld.) >95 Bushy form.

Brisbane (Qld.) >93 Bushy form.

multipolar spindles are formed again. The results of one such experiment are given

in Table 2. Chromosome pairing and chiasma formation are not sensibly affected by
these temperature changes. The chromosome distribution into the variable number of

telophase nuclei is often remarkably complete, only a few remaining separated as micro-

nuclei. Similar spindle abnormalities are common in Tmesipteris under winter con-

ditions, although in this plant there may be evidence of failure of chromosome pairing

(see Plate vi, fig. 3).

Table 2.

Effect of Four Days at 4° C. on " Tetrad " Formation in Psilotum. Fixation made 24 Hours after Returning to c. 18° C.

Number of nuclei in " tetrad
" 2 3 4 5 6 7 8

Number of " tetrads
"

1 3 32 24 29 7 4

Tmesipteris.

Table 3 gives the results of chromosome counts in Tmesipteris. The counts given

represent the minimum and maximum estimates possible on cells flattened sufficiently

for photography. The data show that the basic number in Tmesipteris is probably the

same as in Psilotum and thus Australian Tmesipteris is either tetraploid with 204-20S

chromosomes or octoploid with 408-416.

The chiasma frequency in the bivalents of both tetraploid and octoploid varies

from one to five with a mean value of about two. Multivalents in both forms are rare,

which in view of the high chiasma frequency means that the forms are probably allo-

polyploid. Evidence of structural changes has not been observed.

The mean lengths of 20 spores are given in Table 3. The spores are two or three

times as long as broad. Although the spores of the octoploids are usually longer than
those of the tetraploids, there is considerable variation in spore length within both
groups. However, it is clear that spore length will be a useful taxonomic character
and may give some indication of degree of polyploidy.

EVOLUTIONAEY IMPLICATIONS.

The Psilotales, whilst not unique, are extraordinary in possessing these high
chromosome numbers. As Manton's (1950, appendix 4) table shows, the Pteridophyta
have chromosome numbers which are, on the average, considerably higher than those
of the Spermatophyta. The numbers of the Psilotales, whose nearest morphological
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relatives are the first land plants (Psilophytales) of Silurian and Devonian times, are

among the highest in the Pteridophyta. In general terms, the antiquity of these groups

of primitive plants may be sufficient explanation. The high numbers are the result

of polyploidy. Such increase in chromosome number will be an almost irreversible

process under natural conditions. The short term advantages of allopolyploidy in

permitting the limited and gradual recombination and fixation of gene differences

previously isolated in the two parental types are well-recognized (Darlington, 1937).

But polyploidy, if repeated to excess, may lead to an evolutionary stagnation. In the

Table 3.

Chromosome Numbers in Tmesipteris.

Gametic

Phenotype. Locality. Chromosome Spore Length.

Number. (IX)

parva Mt. Irvine, N.S.W. 102-104 56-8±0-8
c. 100 631±l-3

Mt. Wilson, N.S.W. 102-105 60-9±l-4
c. 100 55-4±0-7

Mt. Drummer, Vic. c. 100 65-3±l-4
tugana Britton's Swamp, Tas c. 100 64-5±0-5

c. 100 65-8±0-9
1 Strahan, Tas. — 72-3±10

Picton River, Tas c. 100 69-8±0-9

fowerakeri . . Westland, N.Z e. 100 800±0-8
c. 100 75-3±l-7

Longwood Range, N.Z c. 100 74-8±0-8
c. 100 751±0-9

billardieri .

.

Mt. Wilson, N.S.W. 208-214 91-4±l-9
Mt. Drummer, Vic. .

.

c. 200 98-9±l-0
Queenstown, Tas 203-210 96-3±l-0
Britton's Swamp, Tas. c. 200 91-6±0-&
Forth Falls, Tas c. 200 95-4±l-2

ovata MacPherson Range, Qld. .

.

c. 200 73-3±l-3.

c. 200 75-3±l-l
Mt. Drummer, Vic c. 200 87-l±l-4

truneata BuUi, N.S.W 204-211 91-4±l-4
Commodore Hts., N.S.W 201-210 87-8±l-4
Jamieson Valley, N.S.W. 202-210 85-7±l-5
Sommersby FaUs, N.S.W. 204-211 84-7±l-0

Where two chromosome numbers are given, it means the count was checked against

a photograph and the two numbers give the maximum and minimum estimates possible. The
prefix c. means a count made directly. The true number is almost certainly slightly higher than

the numbers 100 or 200 which are given, for the reason that a count of these high numbers of chromo-

somes will tend to be reduced by clumping unless the plate is exceptionally well spread out. AU
counts were made at late diakinesis or metaphase I of meiosis. There is no critical evidence that

the chromosome number varies within the c. 100 group of species or within the c. 200 group of

species.

Spore measurements were made on 20 spores. The standard error of the mean length is given.

As the spores tend to be triangular in cross-section, the width varies with the precise orientation of
the spore. The spores are 2 or 3 times as long as broad.

Psilotales there is direct evidence of a threefold process of polyploidy on the basic

number of 52-54. It is almost certain that the basic number represents the results of

still earlier polyploidy. If this is so, the present Tmesipteris populations are composed

of 16- or 32-ploid individuals. We can expect that such high polyploids will be extremely

slow in responding to the evolutionary forces of natural selection working on the raw
material of gene-mutation and recombination at multiple loci. It is possible that this

stabilizing effect of high polyploidy has been partly responsible for the preservation

since Devonian times of the primitive characters of the Psilotales and other groups

of Pteridophyta. It is, however, unlikely that this can be the whole explanation for
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the high chromosome numbers in the Pteridophyta. The Gymnospermae whose ancestry

goes back at least to the Carboniferous are characterized by low chromosome numbers,

lower in general even than in the Angiospermae whose ancestry dates back only to

the Cretaceous or late Jurassic.

There is the further possibility that the opportunities for polyploidy may have

been higher in the Pteridophyta and especially in the Psilotales than in forms developing

the complex and standardized life cycle of the Spermatophytes. For example, Holloway

(1939) and Bierhorst (1953 and 1954) have shown that the early stages in development

of sporophyte and gametophyte of Psilotum are morphologically extraordinarily similar.

The sporophyte escapes from the archegonium early in development and forms a simple

spindle with a central conducting strand just like the gametophyte. In fact, the only

safe criteria for identifying these early stages are the chromosome number and the

production of sexual organs by the gametophyte. If under special genetic or environ-

mental conditions (cf. the conditions used by Manton for the induction of aspospory

in Osmunda, etc.) this sexual differentiation breaks down, so that a diploid plant body

produces some sexual organs, the immediate formation of polyploids is possible.

Anderson-Kotto (1938) has shown that in Scolopendrhim a recessive gene can give rise

to this type of breakdown leading to an irreversible increase in chromosome number.

Here the effects are ultimately lethal, no doubt owing to the production of a surfeit of

chromosomes. However, there are other genetic situations where a similar breakdown
in the mechanism ensuring the differentiation of gametophyte from sporophyte might
occur without such deleterious consequences and, indeed, lead to the rapid production

and fixation of desirable gene combinations in polyploid races. For example, as

I suggested (Barber, 1947) in interpretation of Drew's (1934, 1943) work on polyploidy

in the red algae, the breakdown may be a consequence of hybridization. Under these

conditions there will be a rapid production of an array of forms with different chromo-
some complements and numbers. How important such "explosive" variation produced
by an occasional abnormality in the life cycle has been in the evolution of the Crypto-

gams, is a matter for future investigation to decide. There is no evidence that the

Psilotales have recently undergone such a process. But the chances of such abnormal
differentiation may have been much higher during the early stages of evolution of the

land plants when the complex life cycle was becoming stabilized. It is thus possible

that the extreme conservatism shown by the Psilotales and the Pteridophytes in general
may be attributed to the evolutionary inertia consequent on a too early and repeated
polyploidization.

Deductive Taxonomy in Tmesipteeis.

With regard to specifically taxonomic problems in Tmesipteris the cytology may be
of more immediate use. Wakefield (1943) has described four species of Tmesipteris
in Australia. Since the genus was first made by Bernhardi in 1800, these taxonomic
discussions have been going on interminably with little result beyond an increase in

synonymy. All four of Wakefield's forms are included in the present investigation
(Table 2) together with a new form from Tasmania, and two collections from the South
Island of New Zealand kindly sent me by Mr. Foweraker. The data necessary for the
solution of some of the taxonomic problems in Tmesipteris are given in Table 4. Much
of the data is given in Wakefield's paper. It is unfortunate that Wakefield, with his

unrivalled field knowledge of the group in Australia, limits the explicit statement of

his evidence, like most modern taxonomic workers, almost entirely to the classical

morphological descriptions which can be taken from herbarium specimens. The ineffec-

tiveness of such methods for this group of variable plants is demonstrated by the lack
of agreement over the last 150 years among, the many systematists who have worked
on the genus.

It is clear from Table 4 that TmeMpteris in Australasia can be divided into at least

six morphologically distinguishable populations. It is unnecessary to use refined
statistical methods to demonstrate that discontinuity in several characteristics exists
between these populations. However, the degree of morphological discontinuity varies
considerably. For example, the Tasmanian population, which I have named T. tugana
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after a Tasmanian aboriginal word for a fern, is much closer morphologically to Robert

Brown's T. truncata from New South Wales than it is to the Tasmanian and Victorian

populations of Endlicher's T. Mllardieri. These differences in degree immediately raise

the question as to whether all six populations should rank as species or, as happened
from 1800 to 1943, be variously grouped at the whim of the taxonomist as forms,

varieties, subspecies, etc., of the old omnibus "species", T. tannensis

.

It is clear that the most useful definition of a species will be a definition which

emphasizes the fact that species populations are the ultimate units in the evolutionary

process (Darlington, 1940; Dobzhansky, 1951; Mayr, 1952). Mayr, in particular, has

emphasized this point of view, the various populations within a genus, which are

reproductively isolated one from another, constituting the primary evolutionary unit

or species. That these units may in plants be commonly combined together as in

allopolyploids is immaterial to the argument. The new hybrid is itself reproductively

Isolated from its parents and a new compound unit.

By the majority of taxonomists this definition has apparently been completely

ignored, presumably because of the impossibility of testing reproductive isolation within

the confines of the herbarium or museum. However, in Table 4, in addition to the

Information on morphology and distribution usually given by classical taxonomists,

I have also given the gametic chromosome number and a column headed "mating

tests". Before we can use this information in the taxonomy, it is imperative to know
the breeding structure within the populations. It is clear both from the normal meiotie

behaviour and HoUoway's (1917-1921) observations on the prothalli that sexual repro-

duction can occur. We have no knowledge of the amount of outcrossing, but since the

spores are wind distributed outcrossing probably occurs. Thus, the morphological

discontinuities are not simply the result of gene fixation in non-sexual (apomictic)

strains, nor are they the result of obligatory inbreeding. It is probable that large

clones may be produced by fragmentation of rhizomes; but as field observations will

xjuickly prove, this again can be ignored as a cause of morphological discontinuities

as large as those given in Table 4.

The cytology immediately shows that the six populations can be divided into at

least two which will be reproductively isolated one from another. Polyploidy is usually

associated with cross-incompatibility and even if rare hybrids are formed they will be

triploid and sterile. That this cytological barrier to crossing is operative in nature is

shown by the fact that whenever "diploid" (2n = 200) and "tetraploid" forms have
been found growing together, evidence of hybridization whether on morphological or

cytological grounds has not been observed. Such mixtures of species (see Table 4,

mating tests), often on the same tree-fern trunk, have been found at Mt. Wilson, N.S.W.
{Mllardieri and parva) , at Mt. Drummer, Vic. {Mllardieri, ovata and parva) and
Smithton, Tas. (Mllardieri and tugana)

.

There remains the problem whether the morphological forms with the same
•chromosome number should be considered to be different species. We can apply the

same direct mating test in one case. T. ovata and Mllardieri do not hybridize, although

the opportunity occurs at Mt. Drummer where they grow in great profusion on the

same tree ferns. In the other cases I have at present no comparable information.

But as Mayr (1942) points out, we are now in a better position to evaluate purely

morphological differences. By out critical evaluation of the evidence proving the

existence of at least four species

—

Mllardieri, ovata, parva, and tugana—we have, so to

speak, provided ourselves with a morphological yardstick by which we can weigh the

evidence regarding foxoerakeri and truncata. The morphological differences distinguishing

these two forms are of the same order as those distinguishing the other four species.

Truncata is actually closest to tugana and foiverakeri to Mllardieri in morphological

characteristics. There is thus good evidence, perhaps not quite conclusive, that all

six are good species, and not just geographical, ecological or randomly fixed genetical

segregates. There is one feature which requires comhient. The differences between
trmicata. and Mllardieri are usually striking. But Wakefield notes that in truncata the

^capsules may be "rarely pointed". I have collected specimens from the Jamieson Valley



BY H. N. BARBER. 207

<Blue Mts., Katoomba) which show to a certain extent the basal broadening of the leaf

so characteristic of billardieri. The other characters are those of truncata. It is clear

that truncata is the northern form. In New South Wales it is also usually coastal

in distribution. Billardieri, on the other hand, has a more southern distribution, and

in the northern part of its range tends to occur away from the coast. It is possible

that this slight geographical-ecological separation is responsible for the maintenance

of the morphological discontinuity, and where the distributions of two forms overlap,

as presumably they do on Mt. Dromedary (southern New South Wales), the two may
fuse into a single variable population. Further field evidence is needed on this point.

It is possible, but unlikely on the present evidence, that the correct taxonomic procedure

(whether allowable under the International Code or not) should be to group these two

as geographic subspecies of the one species truncata (Robert Brown having priority

over Endlicher) giving each the appropriate trinomial.

The existence of the group of five species endemic to south-east Australia and
another endemic to New Zealand (where there is probably a second species of which
material has not been available) shows that evolutionary differentiation at the specific

level has been active since the separation of New Zealand from Australia.

Technical descriptions in both Latin and English, "typification" etc. as required

by the International Code of Botanical Nomenclature to validate my two new names,

are published separately (Barber, 1954).

Sumtnary.

The chromosome numbers of Australasian Psilotum and Tmesipteris are 2n = 204-210

or 2n = 408-420. Polyploid series, probably on the same basic number, exist in both

genera.

There are five morphologically recognizable populations of Tmesipteris in south-east

Australia and at least another one in New Zealand. It is shown by a combination of

evidence derived from cytology and distribution ("mating tests") that these six popu-

lations are probably reproductively isolated one from another and thus constitute

good species.

It is suggested that the high chromosome numbers and the primitive morphology

so characteristic of the Pteridophyta may both be a consequence of early polyploidy

repeated to excess because of instabilities in the primitive life cycle.
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EXPLANATION OP PLATE VI.

All photographs from aceto-orcein preparations. Magnification x 750 approximately.

Fig. 1.—First metaphase of meiosis in spore mother cell of Tmesipteris truncata. n =
202-210. Fig. 2.—First metaphase T. parva. n = 102-104. Fig. 3.—First metaphase T. parva.
The small bodies are probably univalents. Fixation made August, 1947. Fig. 4.—Diakinesie
in T. Mllardieri. n = 203-210.
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AUSTRALIAN FUNGI.
IV. NEW KECOBDS AND REVISIONS (continued).

By C. G. Hansford, M.A., Sc.D., F.L.S., Waite Agricultural Research Institute,

Adelaide.

(One Text-figure.)

[Read 31gt July, 1957.]

Synopsis.
Fif cy-three fungi are included in this paper as new records for Australia ; of these, one

represents a new genus, Shawiella, and thirty-five are described as new species.

(272) Balladyna faradayae Hansf., n. sp.

Plagulae amphigenae, usque ad 3 mm. diam. vel numerosae confluentesque, tenues

vel subdensae. Hyphae dilute brunneae, rectae vel leniter flexuosae, irregulariter

ramosae, dense radianto-reticulatae, cellulis plerumque 12-20 x 4/i. Hyphopodia numerosa,

alternata vel subinde subopposita, hyphis obscuriora, continua, subglobosa vel pulvinata,

margine Integra, angulosa vel sublobata, 6-7/i diam. Perithecia numerosa, dense

dispersa, erecta, brevissime stipitata, atra, usque ad iBfi diam.; paries unistratosus,

membranaceus, 4-5fi cr., ex cellulis atrobrunneis, angulosis, tenuiter tunicatis,

8-10 X 4-8^, extus tenuiter atro-granulosis compositus; hyphae statuminentes 4-8, ex
lateribus perithecii oriundae, radiantes et descendentes, atrobrunneae, rectae vel

flexuosae, crasse tunicatae, septatae, usque ad 150 x 5-7,0,. Asci 6-10, in successio

maturescenti, aparaphysati, sessili, basali, late ovati vel ellipsoidei, apice rotundati,

sessili, tenuiter tunicati, 8-spori, 22-30 x 14-18^. Sporae conglobatae, oblongae utrinque

obtuse rotundatae, 1-septatae, leniter constrictae, leves, cellulis aequalibus, utrinque

hyalinae vel subhyalinae, zono centrale atrobrunneo, 13-15 x 6/t.

Hab. in foliis Faradayae splendidae, Tully, Queensland, A. Cowan in Herb.

Queensland 1775.

Colonies amphigenous, to 3 mm. diam. or numerous and confluent, thin to subdense.

Hyphae pale brown, straight or slightly flexuous, branching irregular, acute, closely

radiating-reticulate, the cells mostly 12-20 x 4/i. Hyphopodia numerous, alternate or

sometimes subopposite, darker than the hyphae, continuous, subglobose to pulvinate

with margin entire, angulose or finely lobate, 6-7/t diam. Perithecia numerous, closely

scattered, erect on 1-celled short stalk, globose, black, to 45/^ diam.; wall of one layer

of angulose, dark brown cells 8-10 x 4-8/u., thin-walled, somewhat compressed 4-5^

thick, becoming closely and very finely dark-granulose on surface; apical round pore

10-15^ diam.; hyphal struts 4-8, scattered around the sides, radiating and descending

to the leaf surface, dark brown, straight or flexuous, thick-walled, smooth, septate, to

150 x 5-7/ji, slightly attenuate to paler obtuse apex. Asci 6-10, developing in succession,

aparaphysate, sessile, basal, wide ovate to ellipsoid, rounded at apex, sessile, thin-walled,

8-spored, 22-30 x 14-18/;t. Spores conglobate, oblong with obtuse rounded ends, 1-septate,

slightly constricted, the cells equal, smooth with dark brown central zone and subhyaline

to hyaline ends, 13-15 x 6^.

(274) Meliola peltata Doidge in Trans. Roy. Soc. 8. Africa, 5: 727. 1917.

On Agathis palmerstonii, Palmerston Highway, Innisfail, Queensland, 5.1955,

L. Fraser in Herb. Dept. Agric. Sydney and WARI 6622

(275) Chaetothyritjm vebmispoeum Hansf., var. glabra Hansf., var. n.

Plagulae epiphyllae, plerumque in venis majoribus folii, tenues, leves, albidae vel

pallide roseae, effusae, pelliculosae. Hyphae subhyalinae vel fulvidae, septatae, haud

Proceedings of the Linnean Society of New South Wales, 1957, Vol. Ixxxii, Part 2.
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constrictae, ramosissimae, 2-5/x lat., dense reticulatae. Perithecia dispersa vel 2-4 laxe

aggregata, depresso-globosa, in sicco cupulato-collapsa, levia, rubro-nigra, nitentia, usque

ad SOOytt diam. et circa lOO/u alt., glabra, pelliculo mycelii vestita; paries perithecii

multi-stratosus, subhyalinus, circa lOfi cr., ex cellulis angulosis, 5-lOfi diam., fortiter

compressibus (2-3/x cr.) compositus, concentrice fibrosus, apice poro circa 10/t diam.

pertusus. Asci numerosi, basali, aparaphysati, sessili, clavati, ellipsoidei vel saccati,

sursum late rotundati, tenuiter tunicati, 8-spori, 45-60 x 17-20/^. Sporae sub-parallelae,

rectae vel curvulae, cylindraceae, obtusae, hyalinae, transverse 9-15-septatae, baud
constrictae, leves, 40-54 x 4'5-5-5/t.

Hab. in foliis Theohromae cacaoes, Lae, New Guinea, Womersley in WARI 7747 p.p.;

New Britain, D. Shaw 1201 p.p. (WARI 7767 p.p.).

Colonies epiphyllous, mostly along the leaf veins, smooth, thin, almost white to

pale rosy, effuse, smooth, thinly pelliculose. Hyphae subhyaline to pale yellowish,

the main hyphae 4-5^ thick, the secondary hyphae 2-3/t thick, septate, not constricted,

closely and irregularly much branched to form a continuous, very thin pellicle over

the leaf, enclosing much debris. There is no sign of any penetration of the host leaf.

Perithecia scattered, or in loose groups of 2-4 on the mycelial pellicle, flattened globose,

becoming cupulate-collapsed when dry, smooth, shining reddish-black, to 300/x diam. and
about lOOyu, high; under microscope pale honey-coloured; glabrous, covered by a

continuation of the mycelial pellicle as interwoven yellowish-brown hyphae, divided

into more or less angular, thin-walled ceils 10-15^ diam., parenchymatous towards

centre of upper surface. True perithecial wall of several layers of much flattened,

angular, subhyaline parenchyma, the cells 5-lO/x diam. and 2-3/^ thick, in section

appearing as a concentrically fibrous layer, 10-12/u. thick, and pierced at the centre of

the upper surface by a pore about lO^t diam. Asci numerous, basal, aparaphysate, sessile,

clavate, ellipsoid to somewhat saccate, thin-walled, widely rounded at apex, 8-spored,

45-60 X 17-20ju. Spores more or less parallel, straight or bent, cylindric with obtuse ends,

hyaline, becoming transversely 9-15-septate, not constricted, smooth, 40-54 x 4-5-5-5|U.

(276) AsTEEiNA ciTKiOBATi Hausf., n. sp.

Plagulae epiphyllae, tenues, usque ad 4 mm. diam. Hyphae brunneae, flexuosae vel

tortuosae, irregulariter ramosae, laxe reticulatae, cellulis plerumque 20-30 x 4-5|ti.

Hyphopodia in hyphis primariis laxe dispersa, alternata vel unilateralia, continua,

concolorata, pulvinata vel digitata, margine crenata vel sublobata, 8-14 x 7-10/i.

Thyriothecia laxe dispersa, orbiculata, plerumque singula, convexa, usque ad ll^fi diam.;

paries superior radiatus, subopace atrobrunneus, cellulis 4-8 x 4-6/x, stellatim prope

marginem dehiscens, margine laxe fimbriatus, hyphis flmbriarum tortuoso-radiantibus,

usque ad 70/t longis; paries inferior hyalinus, structura indistincta. Asci usque ad 8,

aparaphysati, globosi vel late ovati, sessili, 8-spori, 35-45 x 28-35/x. Sporae conglobatae,

atrobrunneae, oblongae utrinque late rotundatae, 1-septatae, fortiter constrictae, cellulis

subaequalibus vel superiore leniter crassiore, subglobosis, episporio verruculoso,

24-27 X 12-14^.

Hab. in foliis Citriobati multiflori, Williams R., New South Wales, L. Fraser in

Herb. Dept. Agric, Sydney, and WARI 6633.

Colonies epiphyllous, thin, to 4 mm. diam. Hyphae brown, flexuous to tortuous,

irregularly branched, loosely reticulate with wavy meshes and the cells mostly

20-30 X 4-5jU. Hyphopodia loosely scattered along the main hyphae, alternate or

unilateral, continuous, concolorous, pulvinate to digitate, the margin crenate to sub-

lobate, 8-14 x 7-10/i. Thyriothecia loosely scattered, orbicular, usually separate, convex,

to 170.a diam.; upper wall radiate, subopaqiie dark brown, cells 4-8 x 5-6//,, the margin
loosely fimbriate, the fringing hyphae tortuous-radiating, to 70/t long; dehiscent by
numerous stellate fissures almost to the margin into narrow triangular segments;

lower wall hyaline, structure indistinct. Asci up to 8, aparaphysate, globose to wide

ovate, sessile, 8-spored, 35-45 x 28-35/*. Spores conglobate, dark brown, oblong with

broadly rounded ends, 1-septate, rather deeply constricted, the cells subequal or the

upper slightly wider, subglobose; epispore coarsely verruculose, 24-27 x 12-1 4/*.
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(277) AsTERiNA PAPUENSis Hansf., n. sp.

Plagulae epiphyllae, tenuissimae, usque ad 2 mm. diam. vel confluentes, leves.

Hyphae leniter sinuosae, brunneae, irregulariter lateque ramosae, laxissime reticulatae,

cellulis plerumque 30-40 x S-ifi. Hyphopodia alternata vel laxe dispersa, continua,

hemisphaerica vel ovata, Integra, concolorata, 6-8 x 5-6/x. Thyriothecia laxissime

dispersa, rotundata, convexa, atra, usque ad 150^ diam.; paries superior ex hyphis

brunneis radiantibus, 3-4/^ latis compositus, margine baud fimbriatus, stellato-dehiscens;

paries inferior hyalinus, indistinctus. Asci numerosi, ellipsoidei, apice rotundati, sub-

sessili, 8-spori, aparaphysati, usque ad 45 x 20fi. Sporae 2-3-seriatae, clavulatae, obtusae,

1-septatae, leniter constrictae, leves, 15-18 x 7-Sfi, brunnescentes, cellula inferior Qfi lat.

Conidia non visa.

IJab. in foliis Banksiae dentatae, socio Meliola hanksiae Hansf., Hombrum Bluff,

Papua, D. Shaw 830 p.p. (WARI 7758 p.p.).

Colonies epiphyllous, very thin and scarcely visible, to 2 mm. diam. or confluent,

mixed with Meliola banksiae, smooth. Hyphae slightly sinuous, brown, irregularly

branched at wide angles, very loosely reticulate, the cells mostly 30-40 x 3-4/i.

Hyphopodia mostly on the main hyphae, alternate or loosely scattered, continuous,

hemispheric to ovate, entire, concolorous with hyphae, 6-8 x 5-Q/x. Thyriothecia very

loosely scattered, rounded, convex, smooth, black, to 150^i diam.; upper wall of radiating,

dark brown hyphae 3-4^ wide, not fimbriate at margin, stellate-dehiscent; lower wall

hyaline, indistinct. Asci numerous, erect, ellipsoid, rounded at apex, subsessile, 8-spored,

aparaphysate, to 45 x 20fi. Spores 2-3-seriate, becoming dark brown, clavulate with

rounded ends, 1-septate in middle and slightly constricted, smooth, 15-18 x 7-8/i, the

lower cell only 6^ wide. Conidia not seen.

(278) ASTERINA EANDIAE-BENTHAMI Hansf., U. Sp.

Plagulae hypophyllae, dense dispersae vel numerosae et subconfluentes, usque ad

1 mm. diam., densae. Hyphae brunneae, subrectae vel sinuosae, irregulariter ramosae,

dense reticulatae, cellulis plerumque 20-30 x 6-8/a. Hyphopodia modice numerosa,

alternata vel unilateralia, digitata, apice obtuse rotundata, recta vel curvula, continua,

12-16 x 8-lOyti. Thyriothecia in centro plagularum aggregata, plus minusve connata,

orbiculata, convexa, usque ad 300^ diam.; paries superior radiatus, opace atro-brunneus,

margine plus minusve fimbriatus, hyphis fimbriarum laxis vel lateraliter connatis,

rectis vel flexuosis, exhyphopodiatis, usque ad 45^ long.; paries inferior subhyalinus

vel brunneolus, structura indistincta; in centro thyriothecia irregulariter dehiscentia.

Asci numerosi, aparaphysati, subglobosi, late ovati vel ellipsoidei, sessili, 8-spori,

40-60 X 24-40/i- Sporae conglobatae vel irregulariter 2-3-seriatae, brunneae, oblongae

utrinque late rotundatae, 1-septatae, constrictae, leves, 28-32 x 13-15^1, cellulis sub-

,aequalibus vel superiore leniter crassiore.

Hab. in foliis Randiae benthami, Dorrigo, New South Wales, 4.1953, L. Fraser in

Herb. Dept. Agric, Sydney.

Colonies hypophyllous, closely scattered, or numerous and subconfluent, to 1 mm.
diam., dense. Hyphae dark brown, substraight to finely sinuous, irregularly branched,

closely reticulate, the cells mostly 20-30 x 6-8/x. Hyphopodia fairly numerous, alternate

or unilateral at wide angles, digitate with obtuse apex, straight or slightly bent,

continuous, 12-16 x 8-lOju. Thyriothecia in close central group and more or less connate,

orbicular, convex, to 330ja diam. when single; upper wall radiate, opaque dark brown;

margin more or less fimbriate, the fringing hyphae loose or laterally connate in sheets,

straight or fiexuous, exhyphopodiate, to 45/^ long; dehiscence by short irregularly stellate

fractures, the centre breaking up and secedent; lower wall subhyaline to pale brownish,

the structure indistinct. Asci numerous, aparaphysate, subglobose, wide ovate or

ellipsoid, sessile, 8-spored, 40-60 x 24-40^. Spores conglobate or irregularly 8-seriate,

brown, oblong with rounded ends, 1-septate, constricted, smooth, 28-32 x 13-15/u, the

cells subequal or the upper slightly wider. No conidia seen.

(279) ASTEBINELLA DIOSPYEINA HaUSf., n. Sp.

Plagulae epiphyllae, usque ad 3 mm. diam. vel confluentes, tenues, atrae, leves.

Hyphae brunneae, subrectae vel flexuosae, irregulariter ramosae, laxe reticulatae.
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exhyphopodiatae, cellulis plerumque 15-20 x 4/^. Thyriothecia dispersa, singula vel

subinde 2-connata, orbicularia, atra, 150-250/x diam., convexa; paries superior subopace

atrobrunneus, radiatus, margine non vel leniter fimbriatus, stellatim dehiscens; paries

inferior subhyalinus vel brunneolus, tenuis, structura indistincta. Asci modice numerosa,

ovato-ellipsoidei, apice rotundati, sessili, 8-spori, tenuiter tunicati, 33-45 x 21-25m»

aparaphysati. Sporae conglobatae, brunneae, oblongae utrinque obtusae, 1-septatae,

constrictae, leves, 19-22 x 8-10/i, cellulis subaequalibus vel superiore leniter crassiore.

Hab. in foliis Diospyri australis. Gladfield, Queensland, Gwyther in Herb. Queensland

1750.

Colonies epiphyllous, to 3 mm. diam. or confluent, thin, black, smooth. Hyphae
brown, substraight to finely flexuous or in places geniculate, irregularly branched,

loosely reticulate, radiating from scattered small cellular knots, exhyphopodiate, cells

mostly 15-20 x 4p.. Thyriothecia scattered, single or sometimes 2-connate, rounded,

black, convex, 150-250/t diam.; upper wall subopaque black-brown, radiate, not or very

slightly fimbriate at margin, stellate-dehiscent; lower wall subhyaline to brownish, of

indistinct structure, thin. Asci fairly numerous, aparaphysate, ovate to ellipsoid,

rounded at apex, sessile, S-spored, thin-walled, 33-45 x 21-25/u. Spores conglobate,

brown, oblong with rounded ends, 1-septate, constricted, smooth, 19-22 x S-lO/t, cells

subequal or the upper slightly wider. Germination is by the formation of a primary

hyphopodium near the septum, ovate, continuous, entire, about 8 x 6/t, from which the

mycelium later develops; no other hyphopodia are formed. The fungus is parasitic by

direct penetration of the cuticle by fine filaments beneath the mycelial knots and the

thyriothecia, connected with sub-cuticular or intra-epidermal hyaline plates of small

cells, often restricted to individual epidermal cells, but sometimes covering several

adjacent cells and penetrating some to fill them partially. No further penetration of

the host was observed.

(280) EcHiDNODES DIOSPYRI Hansf., n. sp.

Plagulae epiphyllae, usque ad 10 mm. diam., tenues vel subdensae, leves, atrae.

Hyphae brunneae, radiantes, ramosae, subrectae vel flexuosae, demum dense reticulatae,

exhyphopodiatae, cellulis 15-20 x i-bfi. Thyriothecia dispersa, elliptica, usque ad
600 X 200/x, nigra, longitudinaliter dehiscentia, margine non vel lenissime fimbriata;

paries superior opace atro-brunneus, radiatus, ex hyphis 4-5^ cr. compositus; paries

inferior dilute brunneus, tenuus. Asci globosi vel ellipsoidei, sessili, apice rotundati et

incrassati usque ad 3^, 8-sporii usque ad 60 x 20fi, aparaphysati. Sporae conglobatae

vel 2-seriatae, atrobrunneae, leves, oblongae vel clavulatae, obtusae, 1-septatae, leniter

constrictae, 19-22 x 8-10^, cellula inferiore leniter angustiore. Conidia nulla.

Hab. in foliis Diospyri australis, Mt. Glorious, Queensland, Langdon in WARI 7738.

Colonies epiphyllous, to 10 mm. diam., thin to subdense, smooth. Hyphae brown,

radiating from closely scattered knots in the centre of the colony, each connected with

small patches of subcuticular mycelium and with a few epidermal, coralloid haustoria,

dark brown, much branched, substraight to crooked, becoming coalescent into a closely

reticulate colony, exhyphopodiate, cells 15-20 x 4-5ja. Thyriothecia irregularly scattered,

at first rounded, becoming elliptic, to 600 x 200^t, black, longitudinally dehiscent, not or

very slightly fimbriate around margin; upper wall opaque dark brown, of radiating

hyphae 4-5//. wide; lower wail paler brown, continuous with the internal tissue of

paraphysoids filling the loculus and eventually dissolving into structureless brown
mucus. Asci embedded in the mucose paraphysoids, at first globose, becoming ellipsoid,

sessile, rounded and thickened to S/n at apex, 8-spored, to 60 x 20fi. Spores at first

conglobate, becoming 2-seriate, dark brown, smooth, oblong-clavulate, obtuse, 1-septate

and slightly constricted in middle, 19-22 x 8-lQyit, the upper cell usually slightly wider
than the lower. No conidial stage found.

(281) Lembosia notelaeae Hansf., n. 'sp.

Plagulae epiphyllae, tenues effusae, usque ad 5 mm. diam. vel confluentes, fortiter

adhaerentes. Hyphae dilute brunneae, irregulariter radianto-reticulatae, flexuosae vel

tortuosae, S-i/i cr., septatae, irregulariter ramosae. Hyphopodia in hyphis primariis

laxe dispersa, singula, continua, hyphis ^bscuriora, subglobosa, conoidea vel pulvinata.
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Integra, rotundato-angulosa vel sublobata, 5-7 x i-6fi. Thyriothecia dispersa, elliptica,

orbicularia vel connata et X- vel Y-formia, usque ad 500 x 100^; paries superior opace

atrobrunneus, indistincte radiatus, margine non vel leniter fimbriatus, longitudinaliter

dehiscens; paries inferior hyalinus, tenuis, structura indistincta. Asci ovati vel

ellipsoidei, sessili, apice late rotundati, incrassati (-4/^), 8-spori, usque ad 34 x 19^.

Sporae conglobatae, oblongae utrinque rotundatae, 1-septatae, leniter constrictae, leves,

13-15 x 7-8fi, brunnescentes, zono subhyalino mediano cellula utraque praedita, leves,

13-15 x 7-8fi, cellula superiore lenissime crassiore. Paraphyses filiformes, simplices

vel furcatae, septatae, 2-S/x cr., deorsum hyalinae, apice brunneolae, epithecium tenuum
efformantes.

Hab. in foliis Notelaeae longifoliae, Victoria Point, Queensland, Langdon 1777.

Colonies epiphyllous, thin, effuse, to 5 mm. diam. or confluent, strongly adherent.

Mycelium of pale brown, irregularly and loosely radiating-reticulate, flexuous to tortuous

hyphae 3-4/x thick, septate, irregularly branched, loose. Hyphopodia scattered along

the main hyphae, single, continuous, darker than the hyphae, subglobose, conoid or

irregularly pulvinate, entire or rounded-angulose to sublobate, 5-7 x 4-6^. Thyriothecia

scattered, elliptic, rounded or sometimes confluent and X- or Y-shaped, up to 500 x lOO^n;

upper wall convex, opaque dark brown, indistinctly radiate, margin not or slightly

fimbriate, longitudinally dehiscent by an irregular cleft; lower wall hyaline, thin, the

structure indistinct. Asci erect, ovate to ellipsoid, sessile, broadly rounded above and
thickened to 4^, 8-spored, to 34 x 19fi. Spores conglobate, oblong with rounded ends,

1-septate, slightly constricted, becoming brown with a wide paler to subhyaline zone in

middle of each cell, smooth, 13-15 x 7-8ju, the upper cell slightly wider than the lower,

epispore thin. Paraphyses fairly numerous in young thyriothecia, filiform, simple or

furcate, slightly exceeding the asci, septate, 2-Zfj. wide, hyaline below, pale brown at ^

apex and forming a thin epithecium.

(282) Lembosia terminaliae Hansf., n. sp.

Plagulae hypophyllae, tenues vel densae, leves, atrae, usque ad 5 mm. diam. vel

confluentes. Hyphae brunneae, subrectae vel undulatae, cellulis plerumque 20-30 x 3-4/i,

opposite vel irregulariter ramosae, laxe reticulatae, demum densae. Hyphopodia
alternata vel unilateralia, plerumque in hyphis primariis evoluta, continua, subglobosa,

Integra, 5-7^1 diam. Thyriothecia dense dispersa, atra, convexa, rotundata vel elliptica,

singula vel 2-3-connata, tunc saepe X- vel Y-formia, plerumque 200-300 x lOO-lSO/x;

paries superior subopace atrobrunneus, indistincte radiatus, margine fimbriatus,

longitudinaliter dehiscens; paries inferior brunneolus, structura indistincta. Asci

numerosi, erecti, ellipsoidei vel saccati, apice late rotundati, sessili vel breviter nodoso-

stipitati, 8-spori, usque ad 60 x 30^, aparaphysati. Sporae conglobatae, atrobrunneae,

oblongae utrinque rotundatae, 1-septatae, constrictae, 22-24 x 11-12^6, cellula superiore

leniter crassiore, episporio verruculoso. Conidia non visa.

Hab. in foliis Terminaliae spec, indet., Lae, New Guinea, J. Womersley in WARI 5412.

Colonies hypophyllous, thin to dense, smooth, black, to 5 mm. diam. or confluent.

Hyphae brown, substraight or finely undulate, the cells mostly 20-30 x 3-4/i, branching

opposite or irregular, loosely reticulate, becoming dense with formation of thyriothecia.

Hyphopodia alternate or unilateral, mainly on primary hyphae, continuous, subglobose

entire, 5-7/^ diam. Thyriothecia closely scattered, separate or 2-3-connate and then

often X- or Y-shaped, when single rounded to elliptic, mostly 200-300 x 100-150/u, black,

convex, radiate; upper wall subopaque dark brown, fimbriate at the margin, longi-

tudinally dehiscent by an irregular slit; lower wall pale brown, of indistinct structure.

Asci numerous, erect, ellipsoid to saccate, broadly rounded at apex, sessile or with short

nodose stipe, 8-spored, to 60 x 30n, aparaphysate but separated by aborted or discharged

asci. Spores conglobate, dark brown, oblong with rounded ends, 1-septate, constricted,

22-24 X 11-12^1, upper cell slightly wider than the lower; epispore closely and rather

coarsely verruculose. No conidial stage found.

(283) Seynesia melaleucae Hansf.. n. sp.

Ascomata amphigena, laxe irregulariterque dispersa, singula, rotundata, convexa,

nigra, nitentia, 100-150^ diam. Mycelium externum nullum. Asci modice numerosi,
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aparaphysati, erecti, ovati vel ellipsoidei, bitunicati, sessili, apice rotundati leniter

incrassati, 8-spori, circa 30 x 20fi, in maturitate elongati usque ad 40-45/t. Sporae

conglobatae, brunnescentes, ellipsoideae, obtusae, 1-septatae, leniter constrictae, cellulis

aequalibus, leves 14-16 x 5-5-5^.

Hab. in foliis Melaleucae symphocarpae, Hombrum Bluff, Papua, D. Shaw 825 p.p.

(WARI7775).
Ascomata loosely and irregularly scattered over both surfaces of leaf, single,

without superficial mycelium, round, convex, shining black, 100-150/u diam. Upper wall

of subopaque dark brown, radiating hyphae 4-5/x wide, not fimbriate at margin, opening

by a central irregular pore, later becoming stellate-dehiscent almost to the margin;

lower wall hyaline, indistinct. Asci fairly numerous, aparaphysate, erect, ovate to

ellipsoid, bitunicate, sessile, rounded and slightly thickened at the apex when young,

8-spored, about 20 x 30/^, at maturity elongating to 40-45^. Spores conglobate, becoming

brown, ellipsoid, obtuse, 1-septate and slightly constricted in middle, smooth,

14-16 X 5-5-5/1, the cells equal.

(284) DiDYMOSPHAEKIA MENINGIENSIS HaUSf., U. Sp.

Perithecia semper hypophylla, dispersa, singula, subepidermalia, nigra, usque ad

150yu. diam. et alt., globosa vel lateraliter compressa; paries usque ad 20fi cr., carnoso-

membranaceus, pluristratosus, cellulis subopace atrobrunneis, angulosis, 8-12 x 6-8^;

ostiolum truncato-conoideum, poro centrali perforatum. Asci numerosi, cylindracei,

apice rotundati, breviter stipitati, tenuiter tunicati, 8-spori, usque ad 70 x 7fi. Sporae

oblique 1-seriatae, ellipsoideae, utrinque attenuato-rotundatae, rectae, brunneae, leves,

1-septate, hand constrictae, 10-12 x 4-4-5/t. Paraphyses numerosae, filiformes, 1,^ or.,

septatae, simplices vel sursum breviter ramosae, ascos leniter superantes.

Hab. in foliis emortuis Dianellae revolutae, Meningie, South Australia, L. D.
Williams in WARI 6646 p.p.

Perithecia hypophyllous only, scattered singly, subepidermal, usually between the

leaf-veins and somewhat compressed by these, black, punctiform erumpent, to 150/*

diam. and high, glabrous, with flat conoid ostiole and central pore; wall to 20/t thick,

fleshy-membranous, composed of several layers of dark brown, subopaque, angulose cells

8-12 X 6-8;u. Asci numerous, cylindric, rounded at apex, slightly attenuate below into

short stipe 3-4ya wide, thin-walled, 8-spored, to 70 x 7fi. Spores obliquely 1-seriate,

ellipsoid with attenuate-rounded ends, straight, brown, smooth, 1-septate, not constricted,

10-12 X 4-4-5/t. Paraphyses numerous, filiform, Ifi thick, hyaline, septate, simple or

with few short branches near apex, slightly exceeding the asci.

(285) GuiGNAEDiA AOAciAE Hansf., n. sp.

Ascomata amphigena, subepidermalia, atra, globosa, glabra, dispersa vel sub-

aggregata, usque ad 200/^ diam., suberumpentia per epidermide elevata disrupta; paries

3-6-stratosus, usque ad 30/x cr., atrobrunneus, ex cellulis angulosis compositus, stratum
subhyalinum vel dilute olivaceum, concentrice fibrosum, 5-20^ cr. includens. Asci
numerosi, aparaphysati, cylindracei, recti vel curvuli, erecti, apice rotundati et

incrassati usque ad i-5/j,, subsessili, 8-spori, usque ad 100 x 15fi. Sporae oblique

1-2-seriatae, clavulato-ellipsoideae, obtusae, continuae, hyalinae, leves, 15-19 x 6-7'5ai.

Hab. in foliis emortuis Acaciae sophorae, Meningie, South Australia, L. D. Williams
in WARI 7424.

On the dead leaves the ascomata are amphigenous, not on leafspots, scattered or

subaggregate, subepidermal, black, globose, glabrous, to 200fi diam., becoming sub-

erumpent and opening by irregular apical fracture through the elevated, broken

epidermis. Wall at first consisting of 3-6 outer layers, up to 30;u, thick, of dark brown,
angular, pseudoparenchyma, passing at the sides into loose, dark brown, septate

hyphae below the epidermis, with some penetrating the mesophyll. The outer wall

encloses an inner layer to 20;u thick at the base, attenuate to about 5^ towards the

apex, of concentric, subhyaline to pale olivaceous, much compressed, thin-walled, fibrous

tissue, surrounding the hyaline centrum of more or less erect, septate hyphae. The
asci are numerous, aparaphysate, and replace the original centrum, whose remains
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enclose the mature asci and with a few septate "paraphysoids" remaining between them;

asci cylindric, straight or slightly bent, erect, rounded and thickened to i-bfi at apex,

the wall l-2fi thick below, subsessile, 8-spored, up to 100 x 15/*. Spores obliquely

l-2.-seriate, clavulate-ellipsoid, rounded at ends, often slightly attenuate below,

continuous, hyaline, smooth, thin-walled, 15-19 x 6-7-5/ti.

(286) Leptosphaeria apogon Sacc. & Speg., Michelia, 1: 398. 1878.

On dead culms Phragmites communis, Meningie, L. D. Williams in WARI 6652.

(287) Leptosphaeria caricicola Fautr., Rev. Mycol., 1893, p. 20.

Causes raised black spots on the stems, exactly like those of species of PJiyllachora,

to 4 mm. long by up to 3 mm. wide, slightly hypertrophied in middle; the whole

mesophyll between the vascular bundles and fibres is blackened, and the mycelium
penetrates the tissues down to the pith. Perithecia loosely scattered between the fibro-

vascular bundles, entirely immersed, with the minute apical pores piercing the

epidermis, not raised or projecting; perithecia flask-shaped, to ISO/i diam. and high;

wall 10-15/x thick, parenchymatous, dark brown. Asci numerous, erect, clavulate-

ellipsoid, rounded and thickened to 4/t at apex, attenuate at base into short stipe,

8-spored, up to 80 x 15/ii, aparaphysate. Spores 2-3-seriate and slightly overlapping,

cylindric with rounded ends, slightly bent, becoming brown, smooth, transversely

2-septate, not or very slightly constricted, the cells subequal, 18-22 x 4-5/t.

On stems of Cladium sp., New Zealand, Dingley in DSIR 16070.

It is possible that this fungus is secondary, following upon some other ascomycete

(? Phyllachora sp.) of which the very much larger, empty perithecia are 1-3 in each

spot, buried deeper in the tissues.

(;288) Leptosphaeria clavicarpa Ell. & Everh., Hedwigia, 1886, p. 109.

On old culms Phragmites communis, Meningie, South Australia, L. D. Williams in

WARI 7696.

This species has been re-described by E. Muller in Sydotoia, 4: 256, 1950, and the

present specimen agrees with this revision.

(289) Le3'tosphaeria sitaedae Hansf., n. sp.

Perithecia laxe dispersa, singula vel 2-aggregata et subconnata, nigra, immersa,

apice leniter erumpentia, globosa vel lateraliter compressa, glabra, usque ad 400^ diam.

et alt.; ostiolo truncato-conoideo, poro centrali, irregulari, circa 20/x diam. pertuso,

primo clauso et cellulis hyalinis suftulto; paries circa 20/t cr., carnoso-carbonaceus,

pluristratosus, cellulis opace atro-brunneis, angulosis, 6-12/t diam., crasse tunicatis,

cellulis internis dilutioribus, tenuiter tunicatis, leniter compressibus. Asci numerosi,

basali, cylindracei vel subclavulati, apice rotundati, incrassatique usque ad 2/x, deorsum
leniter attenuati, breviter stipitati, 8-spori, usque ad 80 x 10-12/*. Sporae oblique

1-2-seriatae, ellipsoideae, utrinque leniter attenuatae, obtusae, rectae vel inequilaterales,

3-septatae, baud constrictae, brunneae, leves, 15-18 x 5-6/t. Paraphyses numerosae,

hyalinae, filiformes, simplices vel ramosae, 1-2/t cr., ascos aequantes.

Hab. in ramulis emortuis Suaedae australis, Meningie, South Australia, L. D.

Williams in WARI 6641.

Perithecia loosely scattered, sometimes 2-aggregate and partly connate, black,

immersed with slightly erumpent apex, globose or laterally flattened, glabrous, to 400/t

diam. and high; ostiole truncate-conoid with central irregular pore about 20/t diam.,

at first filled with small, hyaline, thin-walled cells; wall about 20/t thick, fleshy-

carbonaceous, of several layers of opaque dark brown, angular cells 6-12/i diam.,

thick-walled on outside, the inner layeis paler and with thinner walls, somewhat

compressed. Asci numerous, basal, cylindric to clavulate, rounded and thickened to 2/i

at apex, slightly attenuate into short basal stipe, 8-spored, to 80 x 10-12/t. Spores

obliquely 1-2-seriate and overlapping, ellipsoid with slightly attenuate, obtusely rounded

ends, the base slightly narrower than the apex, straight or inequilateral, 3-septate,

not constricted, brown, smooth, 15-18 x 5-6/i, rather thick-walled. Paraphyses numerous,

hyaline, filiform, simple or furcate, 1-2/t thick, septate, equalling or slightly exceeding

the asci.
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(290) Leptosphaeria williamsii Hansf., n. sp.

Perithecia epiphylla, laxe dispersa, singula, subepidermalia, nigra, usque ad 180/*

diam. et 150/tt alt., depresso-globosa, ostiolo truiicato-conoideo, poro central! rotundato

25-30/1 diam., primo cellulis hyalinis suffulto; paries membranaceus, atrobrunneus,

10-15/1 cr., pluristratosus, cellulis brunneis, angulosis, 6-8/1 diam. Asci basali, numerosi,

cylindracei, apice rotundati, incrassati usque ad 4/i, deorsum leniter attenuati, breviter

stipitati, 8-spori, usque ad 110 x lO-12/i, tunica circa 2/t crassa. Sporae 1-2-seriatae,

biconoideae utrinque rotundatae, brunneae, leves, 3-septatae, in medio leniter constrictae,

16-21 X 5-7/1. Paraphyses numerosae, filiformes, hyalinae l-2/i cr., septatae, simplices

vel ramosae.

Conidia {Hendersonia williamsii Hansf., n. sp.) ;
pycnidia laxe dispersa vel raro

2-aggregata, subepidermalia, globosa, nigra, punctiformia, usque ad 120/i diam., glabra;

paries membranaceus, pseudoparenchymaticus, cellulis externis angulosis, brunneis,

8-15 X 4-8/1, cellulis internis hyalinis; poro apicali rotundato praedita. Conidiophora

bacillaria, continua, hyalina, 8-14 x 1/t. Conidia cylindraceo-ellipsoidea, utrinque

rotundata, recta vel inequilateralia, brunnea, 3-septata, baud constricta, 12-16 x 6-7/t,

episporio l/i cr., tenuiter granuloso-verruculoso.

Hab. in foliis emortuis Dianellae revolutae, Meningie, South Australia, L. D.

Williams in WARI 6646 p.p., 7316.

Perithecia epiphyllous only, loosely scattered, single, subepidermal, black, to I8O/1

diam. and 150/i high, depressed-globose, glabrous, with flat ostiole perforate by a

rounded pore 25-30/t diam. at first closed and filled with hyaline, thin-walled, small

cells; wall membranous, dark brown, 10-15/t thick, of several layers of brown angulose

cells 6-8/1 diam. Asci basal, numerous, cylindric, rounded and thickened to 4/t at apex,

slightly attenuate below into short stipe 4-5/i thick, 8-spored, to 110 x lO-12/i, wall about

2/t thick. Spores 1-2-seriate and overlapping, often oblique, biconoid with rounded
ends brown, smooth, 3-septate, not or slightly constricted at only the middle septum,
16-21 X 5-7/1. Paraphyses very numerous in young perithecia, filiform, hyaline, l-2/i

thick, septate, simple or ramose.

This occurs mixed with the conidial stage: Pycnidia loosely scattered or rarely

2-aggregate, subepidermal, globose, black, punctiform, to 120/6 diam., glabrous; wall
thinly membranous, of an outer layer of brown angulose cells 8-15 x 4-8/t, and an inner
layer of hyaline, thin-walled, smaller cells, opening at apex by a round pore through
the epidermis. Conidiophores formed on whole interior surface, bacillary-cylindric,

8-14 x 1/1, continuous, hyaline. Conidia cylindric-ellipsoid with rounded ends, straight

or sometimes inequilateral or bent, brown, 3-septate, not constricted or very slightly

at middle septum, 12-16 x 6-7/i, epispore l/i thick, finely granulose-verruculose.

(291) Leptosporella clelandii Hansf., n. sp.

Perithecia superficial, scattered or in small groups, usually separate, globose to

slightly conoid, black, glabrous, to 300/t diam. and high, sitting on a broad base, with
small round apical pore; wall thinly carbonous, brittle, pseudoparenchymatous. Asci

clavulate, rounded but not thickened at apex, attenuate below into short stipe, to

100 X 20/1, numerous, embedded in a fibrous tissue of hyaline, septate, thin-walled

hyphae, which are not loose paraphyses. Spores parallel, long fusoid to almost filiform,

hyaline, the ends attenuate-rounded, often slightly bent, transversely 14-17-septate, not

constricted, 70-80 x 4-5/i.

Perithecia dispersa vel pauci-subaggregata, superflcialia, nigra, glabra, globosa vel

subconoidea, usque ad 300/t diam. et alt., basi applanata, apice poro rotundato pertusa;

paries subcarbonaceous, fragilis, pseudoparenchymaticus, opace atro-brunneus. Asci

clavulati, apice rotundati, baud incrassati, deorsum in stipite brevi attenuati, 8-spori,

usque ad 100 x 20/i, in textu hyaliho plectenchymatico immersi. Sporae parallelae,

elongato-fusoideae vel subflliformes, hyalinae, utrinque attenuato-rotundatae, subrectae

vel curvHlae, 14-17-septatae, baud constrictae, 70-80 x 4-5/i.

Hab. in ramis emortuis Acaciae kempeanae, Ernabella, Musgrave Ranges, Central

Australia, 8.1933, J. B. Cleland in WARI 5498.
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(292) Maieeella taerietiae Hansf., n. sp.

Stromata hypophylla, dispersa, atra, to 600|U. diam., usque ad 40/i crassa, superficialia,

sursum rugulosa et loculos subglobosos dense aggregatos ferentia; deorsum in centre

per stomata folii ad hypostromatis connexa; hypostroma hyalina, dense plectenchymatica,

ex hyphis dense septatis, intertextis, intercellularibus composita. Loculi separati vel

plus minusve connati, nigra, sessili vel brevissime stipitati, subglobosi, glabri vel

leniter rugulosi, usque ad liOfi diam. et alt., apice rotundati vel subpapillati; paries

lateraliter usque ad 25/t cr., pseudoparenchymaticus, pluristratosus, ex cellulis atro-

brunneis, subopacis, angulosis, crasse tunicatis, 4-8/x, diam. compositus, intus pallidior;

primo solidi demum centrum parenchymaticum hyalinum mucoso-dissolvens et paries

poro irregulari apicali aperto. Asci aparaphysati, basali, cylindraceo-ellipsoidei, apice

rotundati, subsessili, crasse tunicati, 8-spori, 30 x 8fi (immaturi). Sporae 2-seriatae,

oblongae utrinque rotundatae, 1-septatae, leniter constrictae, leves, hyalinae vel

dilutissime brunneolae, 10 x 3^ (immaturae), cellulis aequalibus.

Hab. in foliis Tarrietiae trifoliatae, Eumundi, Queensland, Bailey in Herb.

Queensland 1755.

Stromata hypophyllous, scattered, black, to 600/^ diam., appearing as dense groups

of more or less separate perithecioid locules arising from a common superficial black

stroma up to 40jtt thick, pseudoparenchymatous, below and often enclosing the leaf-

scales. The centre of the external stroma is connected through the leaf stomata. and

apparently also directly through the cuticle and between the epidermal cells, with an

internal hypostroma, consisting of closely septate, intricate hyphae, penetrating the

whole mesophyll to the upper epidermis, intercellular and enclosing the host cells, not

forming haustoria in these, forming a solid mass up to ISOfi diam. inside the leaf,

rarely with subsidiary hypostromata away from the centre; the central part of the

internal stroma sometimes turns brown in the lower mesophyll, the remainder hyaline

and thin-walled.

The loculi are contained singly in perithecioid outgrowths of the external stroma,

sessile or very short stipitate, closely crowded and sometimes loosely connate, sub-

globose, black, subcarbonaceous, glabrous, smooth or slightly rugulose, to 140;« diam. and

high, with rounded or very slightly papillate apex; wall to 25m thick at the sides,

thinner at the apex, of several layers of angulose, dark brown, pseudoparenchyma, the

cells thick-walled, angulose, 4-8^ diam., the inner cells somewhat compressed, paler and

thinner-walled, continuous with the basal stroma; there is no distinct perithecial wall.

The loculi are at first filled with a hyaline cellular tissue, which is gradually replaced

hy the developing asci; finally the loculus opens by a lysigenous, irregular apical pore.

Asci aparaphysate, basal, cylindric-ellipsoid, rounded at apex, subsessile, thick-walled,

S-spored, 30 x 8jtt (probably immature). Spores 2-seriate and overlapping, oblong with

rounded ends, 1-septate, slightly constricted, smooth, hyaline to pale brownish, 10 x 3^

(immature), the cells equal.

This specimen was published as "Dimerosporium tarrietiae Cooke & Mass." by

Bailey, Bot. Bull. 9, Qld. Dept. Agric, 1894, and in Compr. Catal. Queensland Plants,

p. 766, 1909. I have been unable to trace valid publication of this name.

(293) Mycosphaeeella angophoeae Hansf., n. sp.

Maculae amphigenae, dispersae, usque ad 8 mm. diam., rotundatae vel irregulares,

raro confiuentes, griseo-luteae, zono atrobrunneo 0-5-1 mm. lato circumdatae. Perithecia

plerumque epiphylla, dispersa, subepidermalia, globosa, atra, glabra, usque ad 60/i

diam., ostiolo piano, per epidermidem elevatam pustulatam suberumpento, poro rotundato

10-15/x diam. pertuso; paries tenuiter membranaceus, 6-10^ cr., 1-2-stratosus, cellulis

angulosis, leniter compressibus, tenuiter tunicatis, 6-10/t diam. Asci basali, fasciculati,

aparaphysati, saccati, apice attenuato-rotundati, incrassati (-3^), sessili, 8-spori, usque

ad 30 X 12^1. Sporae 2-3-seriatae vel inordinatae, cylindraceo-fusoideae, utrinque obtuse

rotundatae, 1-septatae, baud constrictae, hyalinae, leves, 11-14 x 2-5-3^, cellulis

aequalibus.

Hab. in foliis Angophorae bakeri, Londonderry, New South Wales, 12.1946, L. Fraser

in Herb. Dept. Agric. Sydney and WARI 6632.
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Leafspots amphigenous, scattered, to 8 mm. diam., rounded or irregular, not usually

confluent, yellowish-grey in centre, surrounded by a dark brown zone 0-5-1 mm. wide.

Perithecia mainly epiphyllous, scattered singly, subepidermal, becoming slightly

erumpent through the broken pustulate epidermis, globose, black, glabrous, to 60jU. diam.,

with flat ostiole perforate by a central round pore 10-15/^ diam.; wall membranous,
6-10^ thick, of 1-2 layers of angulose, pale brown, thin-walled, slightly compressed

cells G-S/JL diam. Asci in basal fascicle, aparaphysate, saccate, narrowed to the rounded,

thickened (-3/x) apex, and to sessile base, 8-spored, to 30 x 12fi. Spores 2-3-seriate or

inordinate, cylindric-fusoid, the ends slightly attenuate and obtusely rounded, straight

or slightly bent, 1-septate, not constricted, hyaline, smooth, 11-14 x 2-5-3;^, the cells equal.

(294) Mycosphaerella eucalypti (Wakef.) Hansf., n. comb.

- Hypospila eucalypti Wakef., Keio Bull., 1912, p. 190.

Leafspots amphigenous, brownish-red, about 4 mm. diam. Perithecia irregularly and

concentrically scattered, immersed, globose, punctiform, black, glabrous, globose to 150^

diam.; wall of 1-2 laj^ers of angulose parenchyma, the cells 10-20 x lO^i, thin-walled

inside, the outer layer rather thick-walled, the whole wall 8-10^ thick, the cells

compressed, pale brown below, darker around ostiole; ostiole flat papillate, penetrating

the epidermis and opening by a round pore about 15,u diam. Asci in a basal cluster,

erect, aparaphysate, fusoid to ellipsoid, attenuate-rounded and thickened at the apex,

attenuate below to sessile base, thick-walled, 8-spored, to 100 x 24ja. Spores parallel,

cylindric with rounded ends, hyaline, 1-septate, not or very slightly constricted, straight

or slightly bent, thin-walled, smooth, 45-50 x 6^.

On leaves of Eucalyptus sp., Darra, Queensland, C. T. White in Herb. Queensland

1737, part of type.

(295) Mycosphaerella lepidospermatis Hansf., n. sp.

Maculae amphigenae, elongato-ellipsoideae, atrobrunneae, in centro arescentes,

pallidiores, usque ad 8 x 2mm., interdum confluentes. Perithecia irregulariter dispersa,

immersa, atra, globosa, glabra, usque ad 140^ diam.; ostiolum indistinctum, poro

rotundato pertusum; paries perithecii membranaceus, ex cellulis angulosis, brunneis,

2-3-stratosis, 5-8/^ diam. compositus. Asci basali, fasciculati, ellipsoidei vel subsaccati,

sessili, apice rotundati, incrassati usque ad 4|it, 8-spori, usque ad 48 x 13^, aparaphysati.

Sporae oblique 1-3-seriatae, hyalinae, subfusoideae, utrinque rotundatae, plerumque
rectae, leves, 1-septatae, lenissime constrictae, 11-13 x 2-2-5ju, interne 4-vacuolatae.

Hab. in foliis Lepidospermatis gladiati, Meningie, South Australia, L. D. Williams
in WARI7712.

Leafspots amphigenous, elongate ellipsoid, at first dark brown, then the centre

drying out to whitish buff and dotted with the black perithecia, to 8 x 2 mm., some-
times confluent. Perithecia immersed, black, punctiform, glabrous, smooth, closely

scattered on leafspot, to 140/* diam.; ostiole indistinct, pierced by a round pore through
the host epidermis; perithecial wall membranous, of 2-3 layers of brown, angular
parenchyma 5-8fi diam. Asci in basal rosette, ellipsoid to somewhat saccate, sessile,

rounded and thickened to ifi at apex, 8-spored, to 48 x 13^, aparaphysate. Spores
obliquely 1-3-seriate, hyaline, subfusoid with rounded ends, usually straight, smooth,
1-septate and slightly constricted, 11-13 x 2-2-5^, each cell containing two rather
prominent vacuoles.

This occurs mixed with Septoria lepidospermatis Cooke & Mass., on very similar
leafspots on the same leaves, and probably represents the perithecial stage.

(296) Phaeosphaerella williamsii Hansf., n. sp.

Perithecia epiphylla et scapicola, subepidermal, dense dispersa, nigra, punctiformia,
glabra, globosa, usque 90^ diam.; paries unistratosus, pseudoparenchymaticus, cellulis

atrobrunneis, angulosis, 6-lOja diam., 6-8/* cr., tenuiter tunicatis; poro apicali rotundato,
10-15fi diam, Asci aparaphysati, basali, fasciculati, ellipsoidei vel breviter cylindracei,
apice rotundati, sessili, tenuiter tunicati, 8-spori, 30-36 x 6-9/t. Sporae 2-seriatae, saepe
oblique, hyalinae demum dilute brunneae, ellipsoideae utrinque rotundatae, 1-septatae,
baud constrictae, leves, 6-9 x 3-4/oi.
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Hab. in foliis et scapibus Dianellae revolutae, Meningie, South Australia, L. D.

Williams in WARI 6649 p.p.

Perithecia on dead leaves and scapes, subepidermal, closely scattered, separate,

black, punctiform, glabrous, globose, to 90ja diam.; wall thin membranous, 5-8/i thick,

of a single layer of dark brown, angulose cells 6-1 0/^ diam.; apical pore 10-15ai diam.,

rounded, opening through epidermis. Asci aparaphysate, basal, fasciculate, ellipsoid to

short cylindric, rounded at apex, sessile, thin-walled, 30-36 x 6-9/x, 8-spored. Spores

2-seriate and overlapping, often oblique, hyaline, becoming pale brown, ellipsoid with

rounded ends, 1-septate, not constricted, smooth, 6-9 x 3-4/y..

(297) RosENSCHiELDiEXLA puLLTJLANS (Berk.) Hansf., comb. n.

= Sphaeria pullulans Berk., Fl. Novae-Zeal., II: 205. 1855. = Lizonia pullulans

(Berk.) Sacc, Syll. Fung., 1: 575. 1882.

Mycelium penetrating the whole thickness of the host leaf as hyaline, intercellular

hyphae, without haustoria in the cells, aggregated in places into irregular, loose

columns of tissue between the upper and lower epidermis, which darken at one end

to form a solid mass of vertical cells 10-18 x 6-8yu. This dark mass, when at the upper

end of the column extends over the palisade tissue, with small extensions down into

this. The dark internal stroma enlarges vertically to burst through the epidermis to

extend further as an external stroma up to SO/x thick. Viewed from above the stroma

consists of a tightly packed, irregular mass of rounded to subglobose, perithecioid lobes

120-150^1 diam., black, slightly rough on the surface.

Stromata scattered, amphigenous, often more or less confluent along the leaf

margin, surrounded by the broken epidermis, \-% mm. diam., or to 1 x J mm. In

section each lobe contains a single globose loculus, without a distinct perithecial wall,

completely immersed in the stroma tissue, subglobose with conoid apical extension, at

maturity 70-90^ diam. and to 110/i high, opening by an irregular apical aperture, and
surrounded by a dark wall of stroma tissue in 2-5 layers, 20-28^* thick around the

sides, thinner towards the apex, the surface slightly rough by projecting, rounded cells.

At the sides these lobes are more or less connate, and with the whole basal half

continuous with the external stroma, free above. At first the loculus is about three-

quarters filled with a solid mass of delicate, hyaline parenchyma, the upper part with

looser short, tortuous, hyaline hyphae, some of which remain in the mature, opened

loculus at the apex as short, septate "periphyses". The numerous asci develop at the

base of the loculus, and replace almost the entire original contents; erect, narrow
ellipsoid to subcylindric, subsessile, rounded at apex and there thickened to 3-4^,

bi-tunicate, 8-spored, aparaphysate, 38-48 x 9-lV. Spores obliquely more or less

2-seriate, hyaline, subfusoid with rounded ends, slightly bent, smooth, 1-septate in

middle, not or very slightly constricted, 15-19 x 3-4/^, cells equal.

On Astroloma humifusum, Tyors Lake, Victoria, Nov., 1952, R. Melville 1954 in

Herb. Kew.

(298) Vestergbenia leucopogonis Hansf., n. sp.

Perithecia et pycnidia amphigena, laxe dispersa, singula vel raro 2-aggregata, atra,

elevata, levia, nitentia, immersa; perithecia globosa, 400-500|a diam., circa 400^ alt.,

sursum ad 250^ elevata et clypeo epidermale, atro, parenchymatico, usque ad 30/x crasso

adnata; paries perithecii tenuus, dilute brunneus, cellulis 10-20 x 5-7^, interne

concentrice fibrosus, hyalinus, poro apicali pertusus. Asci basali, clavulato-ellipsoidei,

apice rotundati et incrassati usque ad 10/i, subsessili, bitunicati, 8-spori, usque ad

95 X 24ju, aparaphysati. Sporae hyalinae, continuae, ellipsoideae, obtusae, leves,

24-26 X 9-13m, in asco 2-3-seriatae.

Pycnidia perithecia consimilia, usque ad 270yu diam. et alt.; paries 2-3-stratosus,

extus brunneus, intus parenchymaticus, hyalinus. Conidiophora recta, simplicia, 0-1

septata. hyalina, 16-20 x 3-5^- Conidia singula, terminalia, hyalina, globosa vel late

ovata, levia, continua, ll-13;u diam.

Hab. in foliis Lencopogonis fascieulati, Auckland, New Zealand, Dingley in

DSIR 17246.
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Leafspots none. Perithecia and ijycnidia scattered singly, or rarely 2-aggregate,

amplilgenous, black, raised, smooth, shining, with minute apical pore. Perithecia sunken

in leaf mesophyll, with the upper part adnate to the epidermal clypeus, which is

black, parenchymatous and to SO/m thick; perithecia subglobose, 400-500//. diam. and

about 400^1 high, raised above to 250/t above leaf surface; wall thin, pale brownish

outside, composed of elongate cells 10-20 x 5-7/t, lined by an inner layer of compressed

hyaline parenchyma, appearing concentrically fibrous. Young perithecia are filled with

erect, hyaline, septate hyphae convergent towards the apex, the lateral hyphae connected

to the perithecial wall above and below, the inner hyphae free above, composed of

cells 10-15 X 3-4/x, thin-walled. The apical pore has a thin lining of these same hyphae,

not protruding from the apex, which pierces the epidermal clypeus. Asci basal,

growing up between the hyphae of the centrum, clavulate-ellipsoid, rounded and
thickened to lOfi at the apex when young and to 5/x around the sides, subsessile,

8-spored, bitunicate, aparaphysate, up to 95 x 24ja. Spores 2-3-seriate, hyaline, con-

tinuous, ellipsoid with rounded obtuse ends, smooth, 24-26 x 9-13/x, contents finely

granular.

Pycnidia similar to the perithecia but smaller, to 270^ diam. and high; the outer-

most wall layer olivaceous, parenchymatous, with 2-3 layers of compressed hyaline

parenchyma inside, the innermost layer bearing crowded conidiophores. Conidiophores

simple, straight, 0-1-septate, hyaline, 16-20 x 3-5^, forming single, terminal conidia.

Conidia hyaline, globose to wide ovate, thin-walled, smooth, continuous, ll-13ju diam.

The whole of the mesophyll parenchyma of the leaf is penetrated by branched,

septate, hyaline, intercellular hyphae, which form individual, hemispheric, coralloid-

branched haustoria, up to 20;U, diam. in the host cells.

(299) Lasiosphaeeia meningiensis Hansf. n. sp.

Perithecia laxe dispersa, immersa demum erumpentia, singula vel raro 2-aggregata,

subglobosa vel obtuse conoidea, basi plana, usque ad 450^ diam. et alt., extus sericeo-

albida ex hyphis adpressibus hyalinis, setis simplicibus, brunneis, simplicibus, rectis

vel flexuosis, levibus, crasse tunicatis septatis, obtusis, usque ad 120 x 7-8/x, commixtis;

paries carnoso-membranaceus, in sicco fragilis, usque ad 25-30// cr., pluristratosus, ex

cellulis angulosis compositus, intus pallidior; ostiolo rotundato vel obtuse conoideo,

poro rotundato 20-30// diam. pertuso. Asci numerosi, basali, clavato-fusoidei, sursum
attenuato-rotundati, haud incrassati, stipitati, 16-spori, p. sp. usque ad 180 x 24/t. Sporae
parallelae, subrectae vel varie curvatae, cylindraceae, utrinque rotundatae, hyalinae,

leves, 0-1-3-septatae, demum 9-11-septatae, haud constrictae, tenuiter tunicatae, usque
ad 70 x 5//. Paraphyses numerosissimae, filiformes, l-l-5/i cr., usque ad 350// longae,

dubiter septatae, massam gelatinosam efformantes.

Hab. in ramulis emortuis Eucalypti spec, indet., Meningie, South Australia, L. D.

Williams in WARI 6670.

Perithecia loosely scattered, single or rarely 2-aggregate, erumpent and finally

almost superficial, subglobose to obtusely conoid on a fiattened base, to 450// diam. and
high; surface covered with adpressed hyaline or subhyaline hyphae and appearing

silky white, also with scattered dark setae, simple, straight or flexuous, smooth,

thick-walled, septate, obtuse, to 120 x 7-8//; wall fleshy-membranous, somewhat brittle

and hard when dry, to 25-30// thick, composed of several layers of brown angulose

cells 8-15// diam., rather thick-walled on outside, thinner and paler inside; ostiole

rounded to bluntly conoid, with central round pore 20-30// diam. Asci numerous, basal,

clavate-fusoid, slightly attenuate to rounded apex, not thickened, attenuate below into

rather narrow stipe to 30/t long, 16-spored, p. sp. to 180 x 24/t. Spores parallel and
overlapping in ascus, variously curved to nearly straight, cylindric with obtusely

rounded ends, hyaline, smooth, long remaining 0-1-3-septate, finally 9-11-septate, not

constricted, thin-walled, to 70 x 5// Paraphyses very numerous, filiform, 1-1-5// thick,

to 350// long, forming with the asci a gelatinous hymenium.

(300) Leptomassaria dianellae' Hansf., n. sp.

Perithecia laxe dispersa, in are^s dealbatas foliorum emortuorum, singula, epiphylla,

atra, glabra, usque ad 280/^ diam. et 300/x alt., immersa; ostiolum breviter conoideum,
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erumpens, poro centrali rotundato, 30/* diam. perforatum; paries 2-4-stratosus, pseudo-

parenchymaticus, usque ad 25/j. cr., submembranaceus, in sicco fragilus, subdurusque,

cellulis atrobrunneis, angulosis, 8-12 x 5-9/i, tenuiter tunicatis. Asci basali, cylindracei,

apice rotundati, deorsum leniter attenuati, breviter lateque stipitati, tenuiter tunicati,

8-spori, usque ad 150 x 12-14/,t. Sporae oblique 1-seriatae, atrobrunneae, ellipsoideae,

rectae vel leniter inequilaterales, continuae, leves, 16-19 x 9-11^, episporio mucoso

l-2fi cr. praeditae. Paraphyses numerosae, ascos aequantes, hyalinae, filiformes,

simplices vel ramosae, 2-3^1 cr., septatae, mox collabescentes.

Hab. in foliis emortuis Dianellae revolutae, Meningie, South Australia, L. D.

Williams in WARI 6650 p.p.

Perithecia loosely scattered on bleached areas of the dead leaves, single, epiphyllous,

black, glabrous, to 280^ diam. and 300/i high, immersed in mesophyll with the short

conoid ostiole slightly erumpent and surrounded by the pustulate-elevated epidermis,

with which it is fused at the sides, with central apical pore about 30/* diam.; perithecial

wall up to 25/* thick, fleshy-membranous when fresh, becoming harder and brittle when
dried, of 2-4 layers of dark brown, angulose thin-walled cells 8-12 x 5-9/i. Asci basal,

cylindric, rounded at apex, slightly attenuate below into short, wide stipe, thin-walled,

8-spored to 150 x 12-14/*. Spores obliquely 1-seriate, dark brown, ellipsoid, straight or

slightly inequilateral in side view, continuous, smooth, 16-19 x 9-11/t, with mucose hyaline

sheath 1/t thick when mature, 2-3/t thick on younger spores, giving a pseudo-septate

appearance to the ascus. Paraphyses numerous, equalling the asci, hyaline, filiform,

simple or ramose, 2-3/* wide, septate, soon collapsing.

(301) Phomatospoka leptospermi Hansf., n. sp.

Maculae nullae. Perithecia dispersa vel raro 2-aggregata, immersa, atra, levia,

nitentia, usque ad 350/* diam. et ad 400/* alt.; clypeus amphigenus, superior usque ad

55/* cr., opace atrobrunneus, parenchymaticus, perithecium totum obtegens et lateraliter

in parenchymatice mesophylli descendens, clypeus inferior minor et tenuior. Paries

perithecii tenuus, hyalinus, concentrice fibrosus, ex cellulis fortiter compressibus

compositus. Asci cylindracei, tenuiter tunicati, breviter stipitati, apice rotundati et

leniter incrassati, annulo interno refringente 5/* diam. et 1/* cr., p. sp. circa 80/i long.,

asci usque ad 115 x 8-10/*, 8-spori. Sporae oblique 1-seriatae, ellipsoideae, obtusae,

continuae, hyalinae, leves, 11-13 x 7-8/i, intus granulosae. Paraphyses paucae, ascog-

aequantes, filiformes, 2-2-5/* cr., dubiter septatae, simplices.

Hab. in foliis Leptospermi scoparii, Auckland, New Zealand, Dingley in DSIR 17247.

Perithecia scattered or rarely 2-aggregate, immersed, occupying the whole leaf,

thickness with both surfaces slightlj' raised, black, smooth, shining, with central round

pore in upper surface; epidermal clypeus amphigenous, the upper covering the whole

perithecium and extending downwards around its sides into the palisade tissue, up to

55/t thick, opaque black-brown, parenchymatous; lower clypeus less extensive and

thinner; loculus to 350/t diam. and 400/t high. Perithecial wall thin, of much compressed

hyaline parenchyma, including some browned host cells, appearing concentrically

fibrous. Asci cylindric, narrowed below into short stipe, thin-walled, rounded and

slightly thickened at apex, with internal refringent apical ring about 5/t diam. and 1/*

thick, 8-spored, to 115 x 8-10/*, p. sp. about 80/* long. Spores obliquely 1-seriate,

ellipsoid, continuous, hyaline, smooth, 11-13 x 7-8/c, with granular contents. Paraphyses

few, equalling the asci, filiform, 2-2-5/i thick, doubtfully septate, simple.

(302) Phyllachora cladii-glomerati Hansf.. n. sp.

Stromata culmicolous, nigra, nitentia, levia, leniter tumescentia, dispersa vel

subinde confluentia, usque ad 5 x 2 mm., elliptica; clypeus in epidermidem et

parenchymam, subopace atrobrunneus, parenchymaticus, usque ad 600/1 alt. et perithecia

includens; extus in hyphis dilute brunneis vel subhyalinis, ramosis, septatis, dissolvens.

Perithecia immersa, ampullacea, usque ad 330/i diam., collo apieali usque ad 200/* long,

et 90/* diam.; paries perithecii hyalinus, circa 10/t cr., concentrice fibrosus, ex cellulis

angulosis, fortiter compressibus compositus. Asci numerosi, erecti vel sursum

convergentes, cylindracei, apice rotundati, breviter stipitati, 4- (8) -spore, 120-140 x 10-11/*.
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Sporae oblique 1-seriatae, ellipsoideae, hyalinae, continuae, leves, 22-26 x 7-5-d-5/x.

Paraphyses numerosae, filiformes, hyalinae, l-2,a cr., ascos aequantes, dubiter septatae,

sursum subinde fureatae.

Hab. in culmos Cladii glomerati, Auckland, New Zealand, Dingley in DSIR 17245.

Stromata culmicolous, black, shiniiig, smooth, slightly swollen, closely scattered or

sometimes confluent, to 5 >: 2 mm., elliptic, marked with the punctiform apical pores

of the loculi. Stroma tissue filling the epidermis and underlying parenchyma with

subopaque dark brown parenchyma, extending to 600^ deep and enclosing the perithecia,

dissolving outwards into pale brown, subhyaline to hyaline, branched, septate, inter-

cellular hyphae in host parenchyma.

Perithecia completely immersed below the vascular bundles of the host, flask-shaped

with neck to 200;u long and 90/:t diam. opening between the vascular bundles and lined

with delicate hyaline periphyses, penetrating the clypeal tissue as a flat pore on the

surface; body of perithecium to 330(a diam., globose, or where crowded, flattened and

occasionally partially confluent with others; perithecial wall hyaline, about 10^ thick,

composed of much compressed parenchyma and appearing concentrically fibrous. Asci

formed over the lower two-thirds of the internal surface, erect, convergent towards the

neck of the perithecium, mixed with numerous, filiform, hyaline paraphyses, which

are sometimes furcate above, doubtfully septate, 1-2/x thick, equalling the asci. Asci

narrow cylindric, rounded at apex, shortly stipitate, thin-walled, 4-(8)-spored,

120-140 X 10-11/x. Spores obliquely 1-seriate, slightly overlapping, ellipsoid with rounded

ends, hyaline, continuous, smooth, 22-26 x 7-5-9-5ai.

(303) Hypocrea schweinitzii (Fr.) Sacc, Syll. Fung.. 2: 522. 1883.

On dead wood, Meningie, South Australia, L. D. Williams in WARI 7528.

This has been described by Petch in Trans. Br. Mycol. Soc, 21: 290. 1938.

(304) Nectkia fraseeae Hansf., n. sp.

Perithecia dense aggregata, superficialia, separata, globosa, rubra, levia, subnitentia,

usque ad 150^ diam., ostiolo conoideo, flavo, poro rotundato, circa 20/jl diam., periphysato

pertuso; paries carnosus, pluri-stratosus, cellulis aureis, angulosis, 10-15 x S-IO/j., tenuiter

tunicatis. Asci numerosi, basali, cylindracei vel clavulati, apice rotundati, breviter

stipitati, 8-spore, tenuiter tunicati, circa 40 x 12^1 (? immaturi). Sporae hyalinae,

1-2-seriatae, oblongo-ellipsoideae, utrinque leniter attenuatae, obtuse rotundatae,

1-septatae, haud constrictae, leves 18-22 x 8-9,14. Paraphyses numerosae, ascos leniter

superantes, hyalinae, filiformes, continuae, 1-1-ofi cr.

Conidia (Tubercularia fraserae Hansf.): Stroma insectum partim vel omnino
velens, flaveola, minute pruinosa, sporodochia 1-4 ferens; sporodochia discoidea vel

subpatelliformia; conidiophora dense stipata, erecta, hyalina, simplicia, furcata vel

1-verticillata, ramulis erectis, cylindraceis, usque ad 20 x 1-5/4. Conidia solitaria,

acrogenea, ellipsoidea, hyalina, levia, continua, 4-6 x 2-5/x, in massa punicea.

Hab. in Mnaspidi citri in foliis et ramis CiUH spec, Colo, New South Wales, L. Fraser
in Herb. Dept. Agric. Sydney and WARI 6621.

The insect host, Mnaspis citri, is first partly or wholly covered by the conidial

stroma, which may slightly extend beyond its margins, and is yellowish, minutely

pruinose, bearing one to four pinkish, smooth conidial masses; each of these is borne

on a discoid to slightly concave sporodochium arising direct on the surface of the

stroma, and consisting of very closely packed, erect, simple, furcate or once-verticillate,

hyaline conidiophores; the ultimate sporogenous branches are cylindrical, erect, to

20 X l-S/x, forming single, successive conidia at the apex, apparently exogenous, as no
sign of an open phialiform end was found. The conidia are ellipsoid, continuous,

hyaline, smooth, 4-6 x 2-5ai, pinkish in mass.

Around the edges of the conidial Stroma the perithecia are later formed in tightly

packed groups, superficial, sessile, separate, globose, bright red, smooth, and slightly

shining, with central, short conoid, orange-red ostiole with a central round pore about

20/4 diam., lined with short periphyses; perithecial wall fleshy, 15-20/4 thick, composed
of several layers of red-orange angular cells 10-15 x 8-10/t, with inner layers hyaline
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and compressed. Asci numerous, basal, cylindric to clavulate, rounded at apex, shortly

stipitate, 8-spored, thin-walled (40 x 12/x, Immature). Mature spores shed from the
perithecia are hyaline, oblong-ellipsoid with attenuate-obtuse rounded ends, 1-septate,

not constricted, smooth, thin-walled, 18-22 x 8-9^4. Paraphyses numerous, somewhat
exceeding the asci, hyaline, filiform, continuous, 1-1-5/a wide.

(305) Pleogibbeeella leptospekmi Hansf., n. sp.

Perithecia dispersa, singula, immersa, depresso-globosa, usque ad 320^ diam. et 150/jl

alt., atro-coerulea, glabra; paries membranaceus, 8-1 0/t cr., plectenchymaticus, cellulis

meandricis, 8-15 x 4-5/^, dilute coeruleis; ostiolum breviter conoideum, poro rotundato,

30-40/t diam. pertusum. Asci numerosi, erecti, cylindracei, apice rotundati et circa

2fi cr.-tunicati, subsessili vel breviter nodoso-stipitati, recti vel curvati, 8-spori,

90-100 X 10-12/i. Paraphyses numerosae, simplices, filiformes, flexuosae, dubiter septatae,

Ifi cr., hyalinae, ascos aequantes. Sporae oblique 1-seriatae, hyalinae, ovatae, utrinque

rotundatae, apice obtusae, basi lenissime attenuatae, leves, transverse 5-(7) -septatae,

subinde leniter constrictae, incomplete longitudinaliter 1-septatae, 16-20 x 7-8/x.

Hab. in ramulis emortuis Leptospervii spec, Meningie, South Australia, L. D.

Williams in WARI 6635.

Perithecia scattered singly, immersed in outer bark, flattened globose, to 320^ diam.

and 150|U. high, with very flat ostiole and opening on surface by an irregularly rounded
pore 30-40/i diam., blue-black, glabrous; wall thinly membranous, 8-lOfj. thick, composed
of much compressed, meandering cells 8-15 x i-5/jL, bluish; when mounted in lactophenol

the wall around the apical pore retaining its blue-black colour, while the remainder
changes to pale reddish-brown. Asci very numerous, erect, cylindric with rounded apex
thickened to about 2fi, subsessile or shortly nodose-stipitate, straight or bent, 8-spored,

90-100 X 10-12/i. Paraphyses numerous, simple, filiform, flexuous, doubtfully septate,

hyaline, l/i thick, equalling the asci. Spores obliquely 1-seriate, hyaline, ovate with
rounded ends, the apex often slightly more obtuse than the base, smooth, transversely

5-(7) -septate, sometimes slightly constricted at the middle or other septa, with
incomplete longitudinal septum, 16-20 x 7-8/a.

(306) LoPHiosTOMA CLELANDii Hausf., n. sp.

Perithecia dispersa vel subaggregata, immersa, lentiformia, nigra, glabra, usque

ad 900/i long et 600^ lat., 700/tt alt., sursum in ostiolo glabra usque ad 250jtt long, et alt.

producta, apice rotundata, per rima brevi dehiscentia, labiis levibus; paries durus,

carbonaceus, opace niger, fragilis, usque ad SOfi cr. Asci numerosi, cylindracei, apice

rotundati, deorsum attenuati, breve stipitati, usque ad 240 x ISfi, 8-spori. Sporae oblique

1-2-seriatae, fusoideae utrinque rotundatae, 7-septatae, hand constrictae, leves, rectae vel

curvulae, 38-48 x 9-10^, brunneae utrinque pallidiores.

Hab. in ramis emortuis Acaciae kempeanae, Ernabella, Musgrave Ranges, Central

Australia, J. B. Cleland in WARI 5497.

Perithecia scattered or in small, loose groups, buried in the wood with only the

ostioles showing; these to 250/jl high and long, 100-150ya thick, rounded at the apex and

dehiscent by a short slit, black glabrous, with smooth lips; body of perithecium to

dOOfj, long by 500-600/x wide and to 700/i deep, entirely buried in wood and bark, which is

not blackened; wall carbonaceous, hard, brittle, up to 80/i thick around the loculus.

Asci numerous, cylindric with rounded apex, not or very slightly thickened, attenuate

below into short stipe, 8-spored, to 240 x 15/x. Spores obliquely 1-2-seriate and imbricate,

fusoid with rounded ends, 7-septate, not constricted, smooth, often slightly bent,

38-48 X 9-IOm, dark brown with lighter to subhyaline ends, the central cells largest.

Paraphyses numerous, filiform, hyaline, 1^ thick, continuous, equalling or slightly

exceeding the asci.

(307) DuRELLA HOVEAE Hausf., n. sp.

Apothecia hypophyllous, apparently parasitic on leaf-hairs, loosely and irregularly

scattered, black, discoid to subglobose, to 200,^ diam. and 80-lOOjct high. Excipulum thin,

of dark brown, septate, parallel hyphae, 3-4/t wide. Asci numerous, clavulate, rounded

at apex, slightly attenuate below, thin-walled, 8-spored, 40-45 x 10^. Spores parallel.
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hyaline, clavulate-fusoid, rounded at apex, gradually attenuate to acute base, smooth,
transversely 3-5-septate, not constricted, 20-24 x 2/^. Paraphyses numerous, filiform,

hyaline below^, exceeding the asci and forming a thin, dark brown epithecium.

On leaves of Hovea acutifolia, Queensland, Langdon in WARI 7744.

Apothecia hypophylla, laxe et irregulariter sparsa, atra, discoidea vel subglobosa,

usque ad 200/^ diam. et SO-lOO/i alt. Excipulum tenuum, ex hyphis atrobrunneis, septatis,

parallelis, 3-4^ lat. compositum. Asci numerosi, clavulati, apice rotundati, deorsum
leniter attenuati, 8-spori, 40-45 x 10/^. Sporae parallelae, hyalinae, clavulato-fusoideae,

apice rotundatae, deorsum ad basim acutam gradatim attenuatae, leves, transverse

3-5-septatae, haud constrictae, 20-24 x 2/i. Paraphyses numerosae, filiformes, deorsum
hyalinae, ascos superantes et epithecium tenuum, atrobrunneum efformantes.

Hab. in foliis Hoveae acutifoliae, Mt. Coot-tha, Queensland, Langdon in WARI 7744.

(308) Lecanidion clavisporum (B. & Br.) Sacc, Syll. Fung., 18: 184. 1906.

= Durella clavispora Sacc, I.e., 8: 794. 1889. = Patellaria clavispora B. & Br.,

Ann. Mag. Nat. Hist., 13: no. 778. 1854.

On dead wood, Meningie, South Australia, L. D. Williams in WARI 7437.

(309) Uredo salicorniae G. H. Cunn., Trans. N. Zealand Inst.. 61: 417. 1930.

On Salicornia australis, Meningie, South Australia, L. D. Williams in WARI 7733.

(310) Uromyces otakou G. H. Cunn., T?-ans. N. Zealand Inst., 54: 627. 1923.

On Poa caespitosa, Meningie, South Australia, L. D. Williams in WARI 7732.

(311) Bartalinia themedae Hansf., n. sp.

Pycnidia subepidermalia, laxe dispersa, singula vel raro 2-aggregata, depresso-

globosa, usque ad ISO^a diam., atra, punctiformia, glabra; paries membranaceus,

1-2-stratosus, cellulis angulosis, brunneis, 8-12 x 4-5^, tenuiter tunicatis, apice poro

rotundato circa 15/t diam. perforatus. Conidiophora breviter bacillaria, hyalina, sub-

persistentia. Conidia in massa dilute brunnea, singula subhyalina, fusoidea, utrinque

subacuta, recta, levia, 3-5-septata, haud constricta, 18-24 x 3/^, apice seta una, irregulariter

2-3-furcata, hyalina, usque ad 25 x Ifi ornata.

Hab. in culmis emortuis Themedae australis, Meningie, South Australia, L. D.

Williams in WARI 6654.

Pycnidia subepidermal, loosely scattered, single or rarely 2-aggregata, depressed-

globose, to 150/t diam., black, punctiform, glabrous; wall membranous, of 1-2 layers of

angulose. brown cells, often in parallel series, 8-12 x 4-5/x, rather thin-walled; with

small round apical pore. Conidiophores bacillary to 10 x l^i, sub-persistent on the

conidia as short basal seta; conidia brown in mass, subhyaline, fusoid with subacute

ends, rather more attenuate downwards, straight or slightly bent, smooth, 3-5-septate,

not constricted, 18-24 x 3fi; apex with 2-3-furcate seta, the branches widely divergent

and up to 25 x 1m-

(312) Camarosporium stipae Hansf., n. sp.

Pycnidia singulariter dispersa vel laxe lineriter subaggregata, nigra, punctiformia,

subglobosa, immersa, glabra, 80-130/x diam.; paries tenuiter membranaceus, usque ad

10/u cr., pseudoparenchymaticus, cellulis externis angulosis, 8-10^ diam., dilute brunneis;

poro apicali rotundato vel irregulari, circa 20ya diam. Conidiophora haud visa. Conidia

ellipsoideo-fusoidea, recta vel curvula, apice obtuse rotundata, basi attenuato-truncata,

ex hyalino brunnescentia, transverse 7-septata, non vel vix constricta, levia, 30-36 x 8-10^,

cellulis mediis 1-3, longitudinaliter 1-septatis.

Hab. in foliis vetustis Stipae spec, Meningie, South Australia, L. D. Williams in

WARI 7419.

Pycnidia on old or dead leaves, scattered singly or loosely aggregate in lines, black,

punctiform. Immersed, globose, glabrous, 80-130^ diam.; wall thinly membranous, to

lOfi thick, pseudoparenchymatous, pale to yellowish brown, darker around the apical

pore, composed of angular cells 8-1 0^ diam.; apical pore piercing the covering epidermis,

round to irregular, about 20^ diam. Conidiophores not seen. Conidia elliptic-fusoid,

straight or slightly bent, obtusely rounded at apex, slightly attenuate to subtruncate
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base, from hyaline becoming brown, transversely 7-septate, not or very slightly con-

stricted at septa, smooth, mostly with a single longitudinal septum in one or more
of the middle cells, 30-36 x 8-10/t.

(313) Cladochaete grevilleae Hansf., n. sp.

Pycnidia superficialia, atra, subglobosa, usque ad 120/x diam., sursum setosa, in

hyphis mycelii superficialis dispersa; paries membranaceus, unistratosus, cellulis

angulosis, atrobrunneis, tenuiter tunicatis, 6-8^ diam.; poro apicali irregulari 15-20^1

diam.; setae numerosae, erecto-patentes, atrobrunneae, rectae vel leniter flexuosae,

simplices, obtusae, septatae, leves, crasse tunicatae, usque ad 100 x 5/^, apice pallidiores.

Conidiophora non visa. Conidia numerosissima, loculum completentia, ovata, brunnea,

continua, levia, sursum ad apicem obtusam rotundatam et deorsum ad basim truncato-

apiculatam attenuata, 5-7 x S-i/i.

Hab. in foliis subemortuis Grevilleae ^-obustae, Coonabarabran, New South Wales»

9.1955, L. Fraser in Herb. Dept. Agric. Sydney.

Pycnidia scattered on a loose superficial mycelium of pale brown, ramose, septate,

exhyphopodiate hyphae, usually single, black, setose above, superficial, subglobose, to

120/i diam.; wall thinly membranous, of one layer of angular dark brown cells 6-8/*

diam.; thin-walled, opening at apex by irregularly rounded pore 15-20/i diam.; setae

numerous, erect-spreading, dark brown, straight or slightly flexuous, simple, obtuse,,

septate, smooth, thick-walled, to 100 x 5/t, paler at apex. Conidiophores not seen.

Conidia very numerous, filling the whole loculus, ovate, brown, continuous, smooth,

attenuate to obtuse rounded apex and to slightly truncate-apiculate base, 5-7 x 3-4/*.

(314) Hendeesonia epicalamia Cooke, Praecurs. Monogr. Rendersonia, p. 19. 1878.

On dead culms Pliragmites communis, Meningie, L. D. Williams in WARI 6652.

(315) Lasmenia hypoxanthum (B. & Br.) Hansf., comb. n.

= Rhytisma hypoxanthum B. & Br., Proc. Linn. Soc. N.S.W., 5: 89. 1880; Sacc,

Syll. Fung., 10: 51. 1892; Cooke, Handh. Austr. Fungi, 1892, p. 300.

Leafspots black-brown, rounded or irregular, to 25 mm. diam., thickened, smooth,

shining, with definite margin, with scattered, slightly depressed, black, fructifications

on upper surface. These pycnidia originate in the epidermis, which is filled completely

with a black clypeal stroma, extending as loose hyaline hyphae into the mesophyll of

the greatly hypertrophied leaf tissues; the original black stroma splits horizontally, the

upper part, about 10/t thick, still covered by the intact cuticle, lifts, and the lower part,

10-20/t thick, develops an internal, hyaline, thin tissue of small cells, the innermost

giving rise to the close palisade of conidiophores. These are erect, 10-15/* long, simple,

more or less straight, about 2/* wide at the base, gradually tapering to the apex which

abstricts single conidia, continuous, hyaline. Conidia when mature yellow-brown, brown
in mass, ovate-ellipsoid with rounded ends, straight, continuous, smooth, 4-6 x 2-2-5/*,

exuding and covering the external surface with a thin black layer.

On Cudrania javanica. Pimpama, Queensland, Bailey 701, 850 in Herb. Kew,
duplicated in Qld. Herb. 1764; on C. cochinchinensis, Palmerston Highway, Queensland,

5.1955, L. Fraser in Herb. Dept. Agric, Sydney.

(316) Phaeoseptoria eucalypti Hansf., n. sp.

Maculae nullae; pycnidia hypophylla, dense dispersa, singula vel pauci aggregata,

separata, subepidermalia, usque ad 150/* diam. et ad 100/* alt., nigra, subglobosa, glabra,

demum per epidermidem elevatam suberumpentia; paries usque ad 20/* cr., mem-

branaceus, atro-brunneus, 2-3-stratosus, ex cellulis angulosis 8-12/t diam. compositus;

primo apice leniter papillata et poro rotundato pertusa, demum late aperta. Conidia

brunnea, cylindricaeo-fusoidea, recta vel curvula, sursum gradatim attenuata, apice

rotundata, pallidiora, 2-3/i cr., deorsum ad basim rotundatam vel subtruncatam 4/* lat.

attenuata, 1-3-septata, baud constricta, 30-40 x 4-5/i, levia. Conidiophora stipata,

continua, cylindracea, simplicia, brunnea, 10-12 x 3-4/(.

Hab. in foliis Eucalypti grandis, Sydney, New South Wales, N. H. White in

WARI 7137.
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Pycnidia not on leafspots, hypophyllous, closely scattered over the whole leaf, single

or few-aggregate, separate, slightly elevating the epidermis and finally suberumpent,

to 150/x diam. and about lOO^t high, black, punctiform, subepidermal, usually each

beneath a host stoma, subglobose, glabrous; wall to 20/j. thick, dark brown, mem-
branaceous, formed of 2-3 layers of brown, angulose pseudoparenchyma 8-12ya diam.,

slightly compressed; at first with slightly papillate ostiole and round pore, later

becoming more or less widely open. Conidia brown, cylindric-fusoid, gradually attenuate

to rounded and often paler apex 2-3/i wide, and to rounded or subtruncate base 4fi wide,

straight or slightly bent, smooth, transversely 1-3-septate, not constricted, 30-40 x 4-5/u.>

Conidiophores closely packed extensions from the cells of the interior surface of the

wall, continuous with basal septum, cylindric simple, brown, 10-12 x 3-4ju,, forming

single apical conidia.

Text-fig. 1.—Stages in development of primary pycnidium ; mature composite pycnidium ;

mature pycnospores. x 500.

(317) Shawiella Hansf., n. gen. {Phomales).

Pycnidia superficialia, singula, olivacea, glabra, globosa vel cylindracea, astoma,

apice irregulariter fissa, demum late aperta et cupulata, membranacea. Pycnosporae
erectae, parallelae, fasciculatae, prirno hamatae, demum rectiusculae, fusoideae, trans-

verse multiseptatae.

Shawiella grevilleae Hansf., n. sp. (Text-fig. 1).

Pycnidia hypophylla, singula vel 2-3-aggregata, atro-olivacea, globosa, demum
cylindracea, moUiter membranacea, glabra, superficialia in hyphis mycelii in pilos folii;
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paries pycnidii unistratosus, ex cellulis rotundato-angulosis compositus i-Q/j. diam.;

pycnidia globosa usque ad 35^ diam., pycnidia cylindracea usque ad 100 x 3-5^-

Pycnosporae fasciculatae, erectae, hyalinae demum brunnescentes, fusoideae, basi

rotundatae, sursum ad apicem obtusem attenuatae, transverse multiseptatae (5-13),

baud constrictae, leves, primo hamatae, demum rectiusculae, 60-95 x 5-6^.

Hab. in foliis Grevilleae robustae, Garaina, New Guinea, D. Shaw 672 (WARI7773).

The pycnidia are hypophyllous, single or in small groups at or near the apices of

individual leaf-hairs, minute, black, globose to cylindric, soft membranous, sessile on
a mycelium of olivaceous hyphae climbing up the leaf-hairs. There are no leafspots,

and the fungus appears to be a parasite of the leaf-hairs only. The youngest pycnidia

are globose, sessile, dark olivaceous, smooth, glabrous, 20-30,u diam., with a wall of one
layer of olivaceous rounded-angulose parenchyma, the cells 4-5/i diam., and open
irregularly at the apex, becoming wide cupulate. The pycnospores are formed in a

basal fascicle of 7-15 spores, and even after discharge long remain in the fascicle,

though not organically connected; inside the unopened pycnidium the spores are

hamate, with the apex folded back; upon opening of the pycnidium the spores straighten

out and continue growth, changing in colour from the base upwards, finally becoming
brown with slightly paler apex. Mature spores are fusoid, slightly attenuate to the

rounded base, more gradually attenuate to the obtuse apex, smooth, almost straight,

transversely 9-13-septate, not constricted, 60-95 x 5-6;u.

After the spores have been discharged from the primary pycnidium, a new
pycnidium develops from any point of the interior of the original wall, finally completely
filling the original open cup and extending beyond its edge as a globose parenchymatous
sac, containing a fascicle of young spores. This process of proliferation of the

pycnidium may continue until five or six successive pycnidia have been formed, and
the whole structure then becomes cylindric and to about 100^ long by 30-35^ diam..

marked along its lower part by the rather inconspicuous ridges and constrictions

representing the mouths of the successive pycnidia.

(318) Stagonospoea elegans Sacc. & Trav. in Sacc. Syll. Fung., 20: 878 and 22: 1056.

On dead culms Phragmites comviunis, Meningie, South Australia, L. D. Williams
in WARI 7436.

(319) Antbomyocopsis leucopogonis Hansf., n. sp.

Synnemata ex foliis emortuls erumpentia, laxe dispersa vel subaggregata, hypophylla,

olivacea, usque ad 1 mm. alt., basi sub-bulbosa, usque ad 600/i diam., stipite circa 600m
long, et iOOfjL diam., capitulo subgloboso vel irregulariter piano, usque ad 800^ diam.

Conidiophora divergentia, cylindracea, subhyalina, 15-20 x 2-3/x, saepe sursum leniter

attenuata. Conidia terminalia, catenulata, ovoidea, apice rotundata, deorsum lenissime

attenuata, basi subtruncata, continua, subhyalina, in massa olivacea, levia, 6-8 x 4-4-5/tt.

Hab. in foliis emortuis Leucopogonis costati, Meningie, South Australia, F. Hilton

in WARI 6605.

Synnemata erumpent from dead and dying leaves and scales, loosely scattered to

subaggregate, hypophyllous, olivaceous-black, to 1 mm. high; base often enlarged to

sub-bulbous, to 600.« diam., narrowed above into a short stipe about 600^ long by

400/A diam., bearing a subglobose to rather irregularly flattened head up to 800/x diam.;

stipe formed of parallel hyphae, brown, septate, 3-4,u wide, slightly divergent on the

surface and forming a loose coating of short obtuse ends over stipe and bulbous base,

giving a tomentose to pruinose appearance; these ends are not differentiated as setae.

In the head the stalk hyphae diverge and branch; ultimate branches sporogenous,

cylindric, subhyaline, often slightly attenuate towards the apex, 15-20 x 2-3^ wide

below, each forming a single, simple, apical chain of conidia. Conidia ovoid, rounded

at apex, very slightly attenuate towards subtruncate base, continuous, subhyaline,

olivaceous in mass, smooth, 6-8 x 4-4-5/i. The conidia are dry, giving an olivaceous

surface to the capitulum, which is not shining.

The fungus apparently causes the death of infected leaves and tips of the branches.
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(320) Akthrobotryum gorgoneum Cif., Mycopathologia, 6: 24. 1951.

Synnemata closely scattered, black, erect, straight, to 1300 x 40-45/^, slightly swollen,

but not bulbous at the base; stalk portion straight, cylindric, composed of parallel,

dark brown, septate hyphae, which diverge widely in the upper third as loose

conidiophores, to give a bottle-brush appearance to the whole fructification. Conidio-

phores loosely and widely divergent, up to 330 x 6-7^, septate, brown, flexuous to

slightly geniculate at the successive conidial scars, which are flat and scarcely

projecting. Conidia single and terminal, soon becoming lateral by continued growth

of the conidiophore axis, at first hyaline and ellipsoid, becoming elongate and brown,

widest in lower third, attenuate to subtruncate base, and to rounded, paler apex, smooth,

transversely 3-5-septate, mostly 4-septate, not constricted, 50-75 x 6-5-V.

Parasitic on Asteridiella entebbeensis (Hansf. & Stev.) Hansf., var. crotonis Hansf.,

on Croton sp., Keravat, New Britain, D. Shaw 1204 (WARI 7770 p.p.).

It is considered probable that this is identical with "Podosporium, penicilloides

Karst. & Roum.", but no authentic material of this has been available for comparison.

(321) Cercospoba hoveae Hansf., n. sp.

Conidiophora hypophylla, dense fasciculata (-4 mm. diam.), erecta, flexuosa,

atrobrunnea, septata, usque ad 1000 x 4-5/i, simplicia vel subinde sursum irregulariter

furcata, versus apicem pallidiora. Conidia singula, terminalia, cylindracea vel lenissime

obclavata, recta vel curvata, apice rotundata, basi subtruncata, dilute fumoso-brunnea,
levia, transverse 3-9-septata, baud constricta, 35-100 x 5-6fj.. Maculae nullae.

Hab. in foliis Hoveae acutifoliae, Mt. Coot-tha, Queensland, Langdon in WARI 7744.

Leafspots none. Conidiophores formed in dense tufts to 4 mm. diam. on lower

surface of leaf, loosely velvety, black; single conidiophores erect, flexuous, septate, dark

brown, to 1000 x 4-5ya, simple or sometimes irregularly furcate above, becoming paler

towards apex, forming single conidia at intervals of 150-200/x. After formation of a

conidium, the conidiophore continues growth through its scar, which remains as a

ring around the axis. Conidia single, terminal, cylindric to slightly obclavate, straight

or bent, gradually attenuate to the rounded apex and to the sub-truncate base, pale

fumose-brown, smooth, transversely 3-9-septate, not constricted, 35-100 x 5-6ja.

(322) Hansfordia grisella (Sacc.) Hughes, Mycol. Patters, C.M.I. , 43: 21. 1951.

= Botrytis grisella Sacc!, 8yll. Fung., 4: 124. 1886.

Forms a thin grey mould over the surface of the dead leaves. Main axis of

conidiophores brown, straight, erect, septate, not constricted, smooth, becoming paler

and slightly narrower above, to 450 x 6^ wide below; 2-3 times verticillate, with 2-3

branches at each fork, in the upper part, the branches hyaline, divergent. Ultimate

branches sporogenous, simple, slightly attenuate to apex, hyaline, smooth, about 15 x 4;u,

bearing single apical conidia on short sterigmata about 1 x l/x; the parent cell grows
past each sterigma to form others in succession, so that a small head of 3-4 conidia

is thus formed at the end of each sporogenous cell. Conidia globose, hyaline, smooth,

continuous, 5-6/i diam.; when shed the whole of the sterigma remains on the parent cell.

On dead leaves Eucalyptus sp., Meningie, L. D. Williams in WARI 7435.

(323) Hansfordia telopeae Hansf., n. sp.

Plagulae hypophyllae, atrobrunneae, tenues, velutinae, effusae. Hyphae dilute

brunneae, flexuosae, irregulariter ramosae, 2-5-3-5/i cr., laxe irregulariterque reticulatae,

exhyphopodiatae, superficiales. Conidiophora dispersa, singula in hyphis mycelii, vel

2-5-aggregata ex nodulis mycelii, erecta, recta vel leniter flexuosa, deorsum atrobrunnea,

levia, septata, usque ad 80 x 6-7At, sursum leniter attenuata et pallidiora, prope apicem
laxe irregulariter ramosa, ramis subinde furcatis, haud verticillata; ramulis ultimis

dilute brunneis, apice hyalinis, 10-20 x 3-4/x, rectis vel leniter flexuosis, lateraliter

cicatricibus conidiorum subdense punctata. Conidia acrogena, ovata vel cylindraceo-

ellipsoidea, apice obtuse rotundata, basi rotundata et in centro lenissume truncato-

apiculata, levia, continua, hyalina, demum dilute olivacea, sicca, 7-11 x 3-3-5^1.
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Hab. in foliis Telopeae speciosissimae, Sydney, New South Wales, L. Fraser in

Herb. Dept. Agric. Sydney, and WARI 6626.

The conidiophores are simple to near the apex, where the irregular branching gives

rise to a loose head of short sporogenous cells; the conidia are formed singly at the

apices of these cells, which grow past the conidial scars to form others in close

succession; the scars thus left on the sides are slightly prominent, circular, 1-1-5/j.

diam.

(324) Helminthosporium sp. near H. triseptatxjm Drechsler, Journ. Agr. Res., 24: 686.

1923.

On old wheat grains lying on soil, Adelaide, cultured by Warcup and Van Velsen,

1956, no. WIOO.

Note: Correction.

In these Proceedings, 79: 138, 1954, No. 167 of this series of Australian Fungi was
published as "Se23toria carpholobi Hansf., n. sp.'V and the host was given as "Carpolohus

aequilaterus". These should be amended to "Septoria carpohroti Hansf., n. sp." and
''Carpohrotus aequilaterus" respectively.
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THE OCCURRENCE OF EPINOTIA LANTANA (BUSCK) (LEPIDOPTERA:
OLETHREUTIDAE) IN AUSTRALIA.

By I. F. B. Common, Division of Entomology, C.S.I.R.O., Canberra, A.C.T.

(Two Text-figures.)

[Read 28th August, 1957.]

Synopsis.

Turner's Olethreutid species Eucosma polyphaea, E. tornocosma and E. phaedropa are

shown to be synonyms of the Mexican species Epinotia lantana (Busck) which was introduced

to Australia about 1914 to control Lantana. The species is widely distributed in coastal

Queensland and northern New South Wales where Lantana occurs.

About 1914 Epinotia lantana (Busck) was introduced to Queensland from Hawaii

to assist in the control of Lantana (Tryon, 1914). Previously the species had been

introduced to Hawaii from Mexico (Perkins and Swezey, 1924). Although Gurney

(1926) reported it from northern New South Wales, this record was never confirmed

and the late A. J. Turner omitted it from his unpublished catalogue, Recently, when
Mr. F. Wilson, of the Division of Entomology, C.S.I.R.O., sought information about

its possible occurrence in Australia, it was noticed that specimens of Eucosma polyphaea

Turner had been reared from lantana flowers at Cairns by the late L. F. Hitchcock

and at Brisbane by Mr. A. P. Dodd. A close examination of this species has revealed

that it is in fact Epinotia lantana. The species is widely distributed along the east

coast of Australia in areas where Lantana grows. The genitalia of Australian specimens

have been compared with those of Hawaiian material kindly provided by Dr. J. F.

Gates Clarke, of the United States National Museum, who also provided drawings
of the genitalia of the type. The following description and figures should facilitate

future recognition of the species.

Epinotia lantana (Busck).

Crociclosema lantana Busck, 1910, Proc. ent. 8oc. Wash., 12: 132. (Type locality:

Hawaii; holotype male No. 13149, U.S. National Museum.) Epinotia lantana (Busck)

Heinrich, 1923, Bull. U.S. Nat. Mus., No. 123, p. 190. Eucosma polyphaea Turner, 1926,

Trans. Roy. Soc. S. Aust., 50: 138. (Type locality: Yeppoon, Queensland; holotype male
Division of Entomology Museum, C.S.I.R.O., Canberra.) Syn. nov. Eucosma tornocosma
Turner, 1946, Trans. Roy. Soc. 8. Aust., 70: 205. (Type locality: Noosa, Queensland;

holotype female Division of Entomology Museum, C.S.I.R.O., Canberra.) Syn. nov.

Eucosma phaedropa Turner, 1946, Trans. Roy. Soc. S. Aust., 70: 209. (Type locality:

Toowoomba, Queensland; holotype female Queensland Museum.) Syn. nov.

Male: Head, labial palpi and antennae fuscous; thorax fuscous with whitish posterior

spot; abdomen grey, basal segment with lateral flap of broad scales; anterior and
middle legs blackish, tarsi with apices ochreous, anterior tibiae with ochreous transverse

markings, hind legs whitish, tarsi grey with apices ochreous. Fore wing with costal

fold to 3/5 costa; ground colour of fore wing fuscous, irrorated with white towards

dorsum, brownish suffusion just below median fold at 2/5 and also towards apex, whitish

suffusion below median fold beyond 2/5; costa beyond costal fold black with oblique

white strigulae in pairs or in groups of three or four; blackish triangular patch on
dorsum near tornus; ocelloid patch leaden grey, bordered with black above and
strongly suffused with white scales which extend to tornus, containing two or three

indistinct black streaks; two to four indistinct outwardly oblique leaden grey lines

from costa beyond half; a black spot at apex; cilia greyish brown, basal half heavily

overlaid with white-tipped black scales. Hind wing grey, cilia grey with basal third

darker, a yellow hair pencil at base, with tip covered by scale flap at base of abdomen.

Proceedings of the Linnean Society of New South Wales, 1957, Vol. Ixxxii, Part 2.
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Female: Similar to male but with labial palpi, head, antennae, thorax and ground

colour of fore wing brown.

Genitalia: Male (Text-fig. 1): Uncus small, tapering, socii large, valva with strong

constriction in middle forming an elongate cucullus distally, cucullus and sacculus with

dense hairs, aedoeagus simple, cornuti a bunch of nearly straight spines.

Female (Text-fig. 2): Seventh abdominal sternite with a pair of depressed densely

scaled areas near the ostium, ductus bursae heavily sclerotized in centre for about

one-quarter of its length, bursa copulatrix pyriform, with a pair of curved blade-like

signa and a group of short spines near entrance.

Expanse: Male: mean 11-4 mm. (range 9-9-12-6); female: mean 11-6 mm. (range

10-3-13-0).

\ mm.

Text-flgs. 1-2.—1, Male genitalia of Epinotia lantana (Busck), Cairns, Q., reared from
Lantana, Mar., 19 41. 2, Female genitalia of E. lantana, Brisbane, Q., from Lantana.

Australian specimens examined: 15(^, 22$.

Queensland: Cairns, Mar. 1941, Hitchcock, 1<^, 2$ (larvae on Lantana flowers).

Kuranda, 25.iv.1955, 3.V.1955, I. F. B. Common, 2(5', 2$. 5 mis. S. of Atherton, l,v.l955,

I. F. B. Common, 2^^. Mt. Bartle Frere (East base) 26-28.iv.l955, I. F. B. Common, 5$

Mount Spec, 2,900 ft., 22.iv.1955, I. F. B. Common, 1$. 13 mis. S. of Bowen, 6.V.1955,

I. F. B. Common, IJ". Byfield lO.v.1955, I. F. B. Common, 1^^, 1$. Yeppoon, 17.X.1924

(A. J. Turner), 1(^ (holotype of Eucosvia polyphaea Turn.). Rockhampton, 10.viii.l947,

I. F. B. Common, 1^. Mount Larcom, 18.1v.l955, I. F. B. Common, 2<^. Noosa, 30.V.1937

(A. J. Turner), 1$ (holotype of Eucosma tornocosma Turn.). Brisbane, 29.iv.1941,

1.V.1941, A. P. Dodd, 2^, 4$ {Lantana). Rosewood, 16.iv.l955, I. F. B. Common, IJ', 1$.

Toowoomba, 4.V.1925, W. B. Barnard; 17.iii.l950, I. F. B. Common, IJ', 2$.

New South Wales: Richmond River, June, 1934, V. J. Robinson, 2$. Maclean,

3.iv.l952, I. F. B. Common, 1$.

Comments.

In Australia E. lantana is not likely to be confused with other species except

Crocidosema plebeiana Zell., apparently introduced from the Mediterranean area.

However, the latter is usually much larger and, in the male, the costal fold is much

shorter than in E. lantana and the cubital pecten of the hind wing is much larger and



232 OCCURRENCE OF EPINOTIA LANTANA IN AUSTRALIA.

more dense. The cucullus of the male valva of C pleheiana is larger, quadrate in shape,

with a series of two to four strong spines on the outer surface near the apex. In the

female of C. pleheiana there is a distinct fuscous basal patch on the dorsal half of

the wing extending to nearly half dorsum, the remainder of the wing to the ocelloid

patch being ochreous or brownish ochreous. The female genitalia of C pleheiana lack

the central sclerotized area in the ductus bursae and the group of spines near the

entrance of the bursa copulatrix. The signa are also much larger than in E. lantana.
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FURTHER EVIDENCE OF PLEISTOCENE GLACIATION IN THE
VICTORIAN ALPS.

By A. B. CosTiN,* Division of Plant Industry, C.S.I.R.O., Canberra.

(Plate x; one Text-figure.)

[Read 31st July, 1957.]

Syno2}sis.

Further evidence is produced of Pleistocene glaciation in the Victorian Alps.
In addition to the Bogong Hig-h Plains and environs, considered in an earlier paper,

ice action apparently affected most other high plateau areas, as well as a number of steeper,
higher mountain peaks.

In some areas the effects of more than one g-lacial phase are apparent.

Inteoduction.

In a recent paper on Pleistocene glaciation in the Victorian Alps (Carr and Costin,

1955), evidence was brought forward to show that the Bogong High Plains, Mt. Bogong,
and Loch-Hotham-Feathertop area were glaciated during the Pleistocene Period. Recon-
naissance work in the rest of the Victorian Alps has since demonstrated the close

similarity of much of this country to that known to have been glaciated in the Bogong
High Plains Area and in the Snowy Mountains. These similarities in land form are

described and examined in the light of possible glacial action.

Apart from the Bogong High Plains area, the main occurrences of high mountain
country in Victoria (above the winter snow line, approx. 4,500-5,000 feet) are the

Mt. Cobberas-Mt. Gibbo-Mt. Pinnibar area, the Buffalo Plateau, the Dargo High Plains,

the Mt. Wellington-Big Plain area, Holmes Plain, Bennison Plains, Snowy Plains,

Bryce's Plains, Howitt Plains, the long arc of mountains stretching from Mt. Cobbler

through Mt. Howitt to The Bluff, the Mt. Buller-Mt. Stirling area, the Baw Baws, and
smaller areas such as Echo Flat, Lake Mt., and Mt. Clear, Mt. Skene, Mt. Selma and
Mt. Shillinglaw (Text-figure 1).

EvmENCE OF Glacial Action.

The Mt. Cobberas area, attaining a maximum elevation of 6,025 feet, consists of a

series of broken, rocky tops with steep slopes on all sides. As early as 1886 Stirling

recorded what he interpreted as glaciated surfaces "on the quartz porphyries of Mt.

Cobberas at elevations between 4,000 and 6,000 feet", but the idea of glacial action

there or elsewhere in the Victorian Alps has never gained acceptance (cf. Hills, 1940).

Re-examination of the Cobberas area, however, lends support to Stirling's claim.

The Cobberas tops themselves are strongly sculptured to shapes which in other

areas (e.g. Tasmania and Norway) are attributed to ice- and snow-action. These strong

shapes, furthermore, are accompanied by smooth rock surfaces and tiny cirque-like

hollows on the eastern side (Plate x, fig. 1). The eastern slopes between the two

highest points are in the form of a large shallow cirque, at the base of which are large

accumulations of boulders, in the form of moraine, now largely vegetated. Further

upslope are smaller accumulations of smaller stones, in this instance largely unvegetated.

Considered together, these features suggest that a cirque glacier occupied the eastern

slopes between the two highest peaks of the Cobberas, producing the shallow cirque-like,

shape of the slope as a whole, the large boulders at its base, and the ice-sculptured

features of the summit. The smaller rock accumulations may be attributed to a second,

minor glacial phase.

* Helpful criticism from Dr. W. R. Browne is gratefully acknowledg-ed.

Proceedings of the Linnean Society of New South Wales, 1957, Vol. Ixxxii, Part 2.
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Mts. Pinnibar and Gibbo rise like the Cobberas as isolated peaks above the

surrounding mountainous country.

Pinnibar (approx. 5,800 feet), the more northern mountain, is relatively steep

and on its southern and eastern sides is favourable for the accumulation and persistence

of snow. These relatively snowy aspects show features which are attributable to more

vigorous ice- and snow-action in the past. The S.S.E. face of the ridge running south-

westwards from the summit is broadly concave in the form of a shallow cirque, and

the arm of Wheeler's Creek which heads there contains a mass of boulders about

300 feet lower down. A second arm enters the creek near this point; it is steep, straight

and U-shaped, like a "kitchen" or ice-chute, and also contains boulders near the junction.

Below the creek junction, to a lower level of about 5,100 feet, further boulders are

encountered. A third arm of Wheeler's Creek with its junction below 5,000 feet contains

no definite accumulations of boulders, although it is rocky and heads in a small, shallow,

cirqus-liiiie basin on the eastern face of Pinnibar.

Mt. Gibbo (approx. 5,750 feet) presents an interesting contrast. Although of approxi-

mately similar elevation to Mt. Pinnibar, it has a broad, round shape which is not

as favourable for the accumulation and persistence of snow. Its southern face is flat

rather than concave, and the creek which rises there was found not to contain moraine.

This suggests the snowpatch accumulation on Gibbo was just inadequate for tha

development of a small cirque.

The Mt. Buffalo area stands as an isolated plateau at a general level of about 4.500

feet. A few higher sections exceed 5,000 feet, the highest point being the Horn (5,645 feet)

at the southern end. In this southern section there is a very flat, broad, boggy valley

flanked by the Horn and Wilfred's Hill. A short distance upstream from where the

tourist road to the Horn crosses the creek le9,ding to Dickson Falls, the valley narrows
suddenly and the creek cascades down through about 100 yards of boulders. The virtual

absence of large boulders from the bpoad expanse of valley is in strong contrast to the

bouldery condition of the rest of the plateau. These features are consistent with the

existence of a cirque glacier or even a small valley glacier, for the formation of which
the surrounding high country would have been particularly suitable (Plate x, flg. 2).

Other valleys in the same area also suggest weak glacial action.
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Although not of impressive elevation, the Dargo High Plains* have a considerable

extent of upland country. The valleys, which constitute a large part of the high plains

proper, are broadly concave, w^ith occasional abrupt changes of slope in the form of

giant steps. Some of these steps appear to have been formed in the parent basalt itself;

others are composed of what looks like transported material. From this material some-

times emerge huge rock rivers, and on gentler slopes rock rings (Plate x, fig. 3). Some
of the valleys, as they approach the edge of the high plains, contain larger accumulations

of boulders on their lower slopes, suggestive of remnants of terminal moraine. These

features could be due to a relatively thin neve-field over the Dargo High Plains, in

places or at times assuming the features of incipient valley glaciers, and where discon-

tinuous producing" strong frost weathering in the form of rock rivers and rock rings,

(cf. Carr and Costin, 1955).

Like the Dargo High Plains, the Mount "Wellington area is relatively low, but it

contains some extensive uplands and, like the Baw Baw Plateau, is situated well to

the south. This more southerly latitude results in generally cooler and moister

conditions and in a depression of the vegetation belts, which would have been maintained

if not accentuated during the cooler phases of the Pleistocene. The head of the Moroka
River, fiowing approximately northwards below the Moroka Gap-Mt. Wellington ridge,

shows several glacial features: it is straight and broadly concave, with several distinct

steps and tributary hanging valleys, the latter sometimes heading as shallow cirques.

Below Mt. Wellington, the valley contains rocks which appear to have been smoothed.
(Plate X, fig. 4). In the Big Plain, a parallel valley less than a mile westwards, stepped,,

hanging valleys come in at several places, with an assortment of sedimentary, basaltic

and pegmatitic rocks in the form of small, terminal moraines. These features support

the idea of a small valley glacier at the head of the valley of the Moroka River, and
of a neve-field, verging on a valley glacier, on the Big Plain.

The Holmes Plain area (approx. 5,000-5,100 feet) also contains evidence suggesting

ice action, in the form of occasional hanging valleys and tiny moraines. A good example
is the small tributary creek directly opposite Kelly's Hut. The adjoining plain at the

head of Shaw's Creek likewise indicates glacial action in its smoothly concave shape,

its distinctly stepped character, and small accumulations of rocks together with hanging

valleys. Stepped and hanging valleys are notably absent from the neighbouring Bennison

Plains, approximately 500 feet lower, indicating that this area was just below the

level of permanent ice and snow.

The Snowy Plains (or Snowy Range) have the form of a broad plateau witk

numerous open valleys ("snow plains") running off towards the east and west. These

valleys are stepped, with frequent accumulations of boulders. This area is pictured

as neve-field, from both sides of which incipient valley glaciers were formed.

The northern extremity of Snowy Plains falls rather suddenly to Bryce's Plains

and then to the valley of Conglomerate Water. Here glacial features appear to be

lacking. At Howitt Plains, however, glacial landscape features reappear. Approached

from the south, Howitt Plains seem to have their natural outlet through a low gap

into the Dry River (a tributary of the Wonangatta), but on closer inspection the

drainage is found to be into the Caledonia River (a tributary of the Macalister). The
Dry River gap resembles an ice-fall area through which at least part of the glacial ice

moved. This interpretation is strengthened further by the smoothed contours and

stepped profile of Howitt Plains themselves together with a number of small hanging

valleys. Large stone stripes—apparently periglacial effects—suggest that the snow- and

ice-cover was in places either discontinuous or very thin. The rising country between

Howitt Plains and Mt. Howitt would probably have carried permanent snow, but being

relatively narrow and falling steeply on both sides it would not have been able to

accumulate glaciers. The steep slopes to the Macalister River carry some huge rock

* The absence of good maps of this area prevents more precise designation of the areas

mentioned.
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runs, however, which, like those described from the Bogong High Plains, are probably

periglacial effects.

Mt. Howltt, with an elevation of 5,715 feet, is the highest and most central point

in the long arc of mountains stretching from Mt. Cobbler to The Bluff. Although

falling away very steeply on the western side, the south-eastern side slopes more
gently and offers a considerable extent of country favouring the accumulation and

persistence of snow. This south-eastern face is broken by two cirques. The northern

of the two is weakly dish-shaped and not at all well developed. The smaller cirque,

however, is of almost classical shape (Plate x, fig. 5). The conglomerate rock immediately

above it is polished in the form of a glacial pavement, and is grooved and striated in

the direction of the cirque; the fresh look of the surfaces suggests they are not of

great age (Plate x, figs. 6, 7). An accumulation of rocks tvithin the cirque indicates

more than one stage of glaciation and/or stronger frost weathering more recently.

Northwards from Mt. Howitt, the steep Crosscut Saw (5,400 feet) has the appearance

of having been strongly snow- and ice-sculptured (Plate x, fig. 8), like Mt. Feathertop

near the Bogong High Plains (Carr and Costin, 1955). The eastern side of Mt. Speculation

(5,650 feet) is weakly cirque-shaped. The Mt. Cobbler area (5,342 feet), on the other

hand, appears to have been ice-free.

To the south, Mt. Magdala (5,600 feet) has a dish-shaped eastern side, attributable

to a small cirque-glacier, with some good examples of "kitchens" or ice-chutes

(e.g.. Hell's Window), on the steep, north-western face.

The eastern side of Mt. Lovick (5,400 feet) is also weakly cirque-shaped.

The ascent from the 16-mile saddle near Mt. Lovick to The Bluff (5,650 feet)

encounters increasingly more ice- and snow-sculptured features. The precipitous

western side with its steep "ice-kitchens" has the appearance of having been ice-plucked,

and about 300 yards from the summit there is a tiny cirque. On the eastern side

the evidence is stronger. The whole of this slope is broadly dish-shaped, like Mts.

Cobberas, Magdala, Lovick, Howitt and Stirling, and just below the summit cairn it

contains a well developed cirque, with a swampy over deepened floor, apparently once

a small tarn (Plate x, fig. 9). An accumulation of rocks loithin the cirque, in addition

to a larger mass below it, suggests more than one glacial phase and/or a period of

strong frost weathering as on Mt. Howitt. Some of these rocks have been redistributed

as stone stripes.

This accumulation of evidence in the Mt. Howitt group encourages the view that

most of these higher areas were permanently ice- and snow-clad as neve-field from
which small but well developed cirque glaciers were nourished at least on the higher

and more extensive mountains like Howitt and The Bluff.

Mts. Buller (5,911 feet) and Stirling (5,800 feet), although isolated and relatively

steep, both show smoothed contours at the higher levels suggestive of ice- and snow-

action as from neve-fields.

The steep southern face of Mt. Buller is also marked by a number of tiny cirque-

hollows, and by steep, straight valleys with truncated spurs of the ice-chute type,

heading at smooth cols and largely filled with rocks. Two groups of rocks can be

distinguished, as on the Cobberas—a lower group of relatively large boulders now almost
completely vegetated, and an upper mantle of smaller rocks on which vegetation,

although advancing, is still sparse. One of these smaller rocks (of slate) was found

to be distinctly grooved in two directions to a degree difficult to explain merely by
scree movement (Plate x, fig. 10). .Periglacial effects in the form of large stone stripes

occur near the "Bourke Street" ski run and below the. basalt scarp on the southern
side. A number of very large solifluction steps may have had a similar origin.

The rather gentler slopes of Mt.' Stirling have favoured the accumulation and/or
persistence of larger masses of boulders than are found on Mt. Buller. These boulders
are also of larger individual size. The largest occurrence is at the base of the
shallow east-facing cirque (approx. 5,000 feet) as a moraine 20-30 feet deep. The creek
below the old camp contains similar material. A smaller but still distinct moraine
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occurs on the western side in the valley below the southern summit, just below

the track.

The development of separate neve-fields feeding small cirque glaciers, with a more
restricted cirque glaciation and/or periglacial action at a later date, would account

for the landscape features encountered in the Mt. Buller-Mt. Stirling area.

The Baw Baws, although of comparatively low elevation (average height of plateau

about 4,500 feet, with maximum elevation of 5,140 feet on Mt. Phillack) are situated

well to the south and receive relatively high precipitation including heavy winter

snow. Compared with more northern mountain areas, the vegetation belts and the

level of the winter snow line are relatively low. These differences would presumably
have been maintained in earlier times, so that glaciation, if it occurred, might reasonably

have descended to a fairly low level, as in the Mt. Wellington-Big Plain area.

The main valleys (e.g., Tullicully Glen, Whitelaw Creek, Tangil River) are

commonly stepped, are broadly concave, have smooth rock sides, and contain numerous
accumulations of boulders along a boggy floor (Plate x, fig. 11). The large size of the

boulders, and the relatively gentle gradient of the streams, preclude water action

as a transporting agent. Smaller hanging valleys are also present. The most suggestive

group of evidence is in Tullicully Glen near Mt. Whitelaw. Two hanging valleys enter

the Glen at its head, with a rocky eminence, like a small nunatak, separating them.

The Glen continues for about J-mile as a boggy, broadly concave, boulder-strewn valley

in places with smooth rock sides, narrows and drops suddenly about 100 feet over a

series of small waterfalls, continues again for about g-mile in its original concave form,

and falls away again over waterfalls and rapids into a steep, V-shaped valley with

overlapping spurs. Alternative explanations may be available for each of these landscape

features, but to account for them all the existence of a neve-field with weak movement
in the valleys as incipient glaciers seems to be the most reasonable.

Echo Flat, near Lake Mountain, is in many respects like the Baw Baw Plateau

in miniature. The broad, stepped, smoothly concave valley, with occasional smoothed

rock surfaces and sporadic accumulations of large boulders, could owe its character

to a small neve-field with weak movement as an incipient valley glacier.

A number of more isolated snow mountains exist in Victoria—e.g., Mts. Clear,

Skene, Selma and Shillinglaw—which would probably have carried permanent snow and
ice when the more extensive high mountains of the Australian Alps were glaciated.

Owing to their relatively limited extent, however, ice movement on these mountains
would probably have been negligible. Evidence of glaciation on these mountains

was not encountered.

Conclusions.

On the basis of the evidence presented above and in an earlier paper (Carr and

Costin, 1955) it is considered that most of the more extensive high mountain sections

of the Victorian Alps were weakly glaciated, an estimated area of at least 500 square

miles probably having been affected. This area was by no means continuous, however,

nor was the degree of glaciation the same in all cases.

The largest and most strongly glaciated area was the Bogong High Plains; the

adjacent Mt. Bogong, Mt. Loch-Mt. Hotham-Mt. Feathertop sections were evidently

separated by the deep valleys of the Big and East Kiewa Rivers and the Cobungra

and West Kiewa Rivers respectively.

The Dargo High Plains glaciation was apparently separated in space from the

Loch-Hotham-Feathertop glaciation, and was considerably weaker. A thin neve-field,

in some valleys thick enough to assume the features of an incipient valley glacier,

and in more exposed areas thin enough to enable deep frost influences to penetrate

the soil, appears to have been the condition over most of the Dargo country.

More or less similar conditions to those on the Dargo High Plain apparently

existed on the Mt. Wellington-Big Plain area. Holmes Plain-Shaw's Creek-Snowy Plains

area, and on Howitt Plains, with gaps of relatively snow-free country in between, and

on the Baw Baws and Echo Plat.
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On the steeper high mountains—the Cobberas, Mt. Pinnibar, Mt. Buffalo, the

Mt. Howitt arc, Mt. Buller, Mt. Stirling, and possibly others—neve-fields evidently gave

rise to small cirque glaciers in favourable situations.

As in the Bogong High Plains area (Carr and Costin, 1955) there is evidence,

at least on the Cobberas, Mt. Howitt, The Bluff and Mt. Buller, of more than one glacial

phase, associated vv^ith and/or folloM^ed by peri-glacial deep-frost action. Much more

detailed work is necessary, however, before the exact nature, number, duration and

extent of the glaciations affecting the Victorian Alps can be ascertained.
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EXPLANATION OF PLATE X.

Fig. 1.—The Cobberas, showing ice- and snow-sculptured tops.

Fig. 2.—Part of terminal moraine, and flat glacial valley below Wilfred's Hill, Buffalo

Plateau.
Fig. 3.—Rock river, showing tendency to form rock rings on more level ground, Dargo

High Plains. Note also the broad, stepped valley.

Fig. 4.—View from Mt. Wellington towards Spion Kop (left) and Big Plain (right),

showing the straight, stepped, broadly-concave valley of the Moroka River, with tributary

Jianging valleys.

Fig. 5.—The smaller cirque on Mt. Howitt. The glacial pavement above the cirque is

polished and grooved.

Fig. 6.—Part of the polished glacial pavement, above Mt. Howitt cirque.

Pig. 7.—A closer view of part of the glacial pavement on Mt. Howitt, showing the parallel

^grooving, and the highly polished pebbles of the conglomerate rock. (Florin indicates scale.)

Fig. 8.—View towards the Crosscut Saw (left) and Mt. Speculation (right) showing ice-

sculptured features. Mt. Cobbler appears in the background.
Pig. 9.—Cirque, with swampy over-deepened floor, on eastern side of The Bluff.

Fig. 10.—Striated rock from Mt. Buller, showing intersecting grooves. (One-seventh
natural size.

)

Fig. 11.—Tullicutty Glen, Baw Baws, showing the stepped and broadly concave condition
of the valley, and the smoothed rock sides.

Fig. 12.—Glacial mill and millstone, Mt. Bogong.
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A GLACIAL MILL AND MILLSTONE FROM MT. BOGONG, VICTORIA.

By A. B. CosTiN.

(Plate X, fig. 12.)

[Read 31st July, 1957.]

Si/noiisis.

':lacial mill and millstone are described from Mt. Bogong- in Victoria.

In an earlier paper (Carr and Costin, 1955), the presence in the Mt. Bogong area

of scattered faceted boulders of a dyke rock, hornblende diorite, was mentioned in the

light of possible ice-action. The most interesting of these rocks occurs near the main
ridge at the head of Cairn Creek, where the possibility of strong water action can be

ruled out. This isolated rock contains a double pot-hole, in part of which rests a

smaller, rounded boulder (Plate x, fig. 12). Apparently the now-empty part of the

pot-hole was gouged out first by the abrasive action of the smaller boulder under the

influence of ice, which then changed its position slightly to form the second part of

the pot-hole in which it now rests. This pair of rocks provides a good example of a

glacial mill and millstone well known from the European Alps.

Other examples of glacial abrasion in the Victorian Alps—on Mt. Howitt and
Mt. Buller—are given in the preceding paper (Costin, 1957).
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THE INFLUENCE OF THE SURFACE ON OVIPOSITION BY AeDES AEGYPTI
(LINN.) (DIPTERA, CULICIDAE).

By A. K. O'GowEE, School of Public Health and Tropical Medicine,

University of Sydney.

[Read 31st July, 1957.]

Synopsis.

Physical properties of the surface of a water container, namely texture, reflectance, and
the presence of either a free water surface or a moist, porous surface, influenced its selection

as an ovipositlon site by A. aegypti. A rough surface was preferred to a smooth one, low
reflectance to hig-her reflectance, and a free water surface to a moist, porous surface.

When the interaction of these properties was studied, a free water surface was preferred

to a moist, porous surface of lower reflectance and rough texture, and a surface of low
reflectance and smooth texture was preferred to a surface of high reflectance and rough texture.

From these and similar experiments it was concluded that the preference for a free water
surface was more important than low reflectance or rough texture in determining the attrac-

tiveness of an cviposition site.

Inteoduction.

The selection of an oviposition site by the gravid females of Aedes scutellaris

scutelUms (Walker) a species which is generally found breeding in such small

accumulations of water as occur in tree-holes and coconut shells (Penn, 1947), has

been shown to be determined mainly by the surface of the water container, namely,

by its texture, reflectance, and the presence of either a free water surface or a moist,

porous surface (O'Gower, 1955). It was therefore thought of interest to determine

whether these properties were also important in guiding the selection of an oviposition

site by Aedes aegypti (L.), which has a somewhat different larval distribution from
A. scutellaris scutellaris, being almost entirely limited to artificial domestic containers

in which fresh water is accidentally or intentionally stored (O'Gower, 1956).

With A. aegypti, Young (1922) found that moist blotting paper was preferred to

a free water surface for oviposition, but the reflectances of both surfaces were not

stated, and the numbers of eggs laid upon each w^ere low in the single experiment
recorded. Dunn (1927) found bamboo sections to be more attractive than empty metal
containers as oviposition sites; but whether this preference was due to differences in

the textures or reflectances of the surfaces was not obvious. Kennedy (1942) showed
that the attractiveness of an oviposition site was inversely related to its reflectance.

Wallis (1954a) found that A. aegypti was less influenced by the texture of the oviposition

surface than was Aedes ttolynesiensis Marks. Thus it would appear that the gravid
females of A. aegyj)ti are influenced, to some degree, in the selection of an oviposition

site by the physical properties of the surface of the water container, but the real

and relative importance of these properties has not yet been fully demonstrated.
The experiments in this investigation have therefore been designed to determine

the influence of the texture and reflectance of the surface of the water container, and
of the presence of either a free water surface or a moist, porous surface upon the
selection of an oviposition site.

Experimental Technique.

Colonies of A. aegypti* were maintained in a controlled temperature and humidity
room operating at 27° ± 1°C. and 75 ± 4 per cent relative humidity, and with
fluorescent light twelve hours (6 a.m.' to 6 p.m.) in every twenty-four (Backhouse and
O'Gower, 1956).

* Laboratory colonies of A. aegypti obtained from Mornington Island, north Queensland.

Proceedings of the Linnean Society of New South Wales, 1957, Vol. Ixxxii. Part 2.
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The mosquitoes were given a choice between two water containers for oviposition

(except in experiment 2, in which there were three), the surfaces of which varied for

the different physical properties studied. The oviposition sites were formed by placing

into 9 cm. diameter Petri dishes, either a pad of absorbent cotton wool with a filter

paper of the required texture and reflectance on top of it, or a filter paper of the

required reflectance on the bottom of the dish. Water was then added to both types

of containers until the surface of the former was wet and glistening, and the water
level in the latter was as high as the wet surface of the former.

The filter papersf used had surfaces which were (i) black and smooth, (ii) black

and rough, (iii) grey and smooth, (iv) grey and rough, and (v) white and smooth.
Black "Tintex" dye was used to obtain papers of low reflectance. Its use did not
affect the attractiveness of the papers, for in complete darkness there was no significant

difference between the numbers of eggs laid upon dyed and undyed filter papers.

A "General Electric" spectrophotometer was used to measure the reflectances of

these papers when wet. At a wave-length of 555 millimicrons the reflectances of the

papersj were: (i) black smooth, 3%; (ii) black rough, 3%; (iii) grey smooth, 7%;
(iv) grey rough, 6%; (v) white smooth 86%.

Seven replicates of each experiment were done, and the variances were calculated

from the mean percentages of each. The significance of various preferences was
estimated by means of the "t" test.

Results.

1. Comparison between free xoater and a moist surface.—In experiment 1, the

mosquitoes were given a choice between two water containers of similar refiectance.

One dish had a free water surface, the other a moist, porous surface. The free water
surface was significantly preferred.

2. The effect of refiectance.—In experiment 2, the mosquitoes were allowed to choose

their oviposition sites from three water containers, the surfaces of which had the same
smooth texture but different reflectances. In experiment 3, the choice was between

two of these containers. The preferences for these containers were inversely related

to their reflectances.

3. The effect of texture.—In experiment 4, the mosquitoes were given a choice

between oviposition sites, the surfaces of which varied in texture. A rough surface

was significantly preferred to a smooth one.

4. The combined effects of texture and free water or a moist surface.—In experi-

ment 5, the mosquitoes were given a choice between two water containers of equal

reflectance, one with a free water surface, the other with a rough, moist surface.

The water surface was preferred to the rough, moist surface, but the preference was
significantly less than that for a water surface rather than a moist, smooth surface

(experiment 1).

5. The combined effects of reflectance and free water or a moist surface.—In

experiment 6, the mosquitoes were given a choice between two water containers, one

with a free water surface and a black background, the other with a grey, smooth,

moist, porous surface. The black water surface was preferred to the grey, moist surface.

This preference was significantly greater than either the preference for a black over

a grey surface (experiment 3) or the preference for water over a moist surface

(experiment 1).

In experiment 7, the choice was between a free water surface with a grey

background and a black, smooth, moist, porous surface. The water surface with a grey

background was preferred to the bla.ck, moist surface, but the preference was significantly

less than that for a water surface over a moist surface, both of equal refiectance

(experiment 1).

6. The combined effects of texture and reflectance.—In experiment 8, the choice

-was between two oviposition sites, the surface of one being black and smooth, and the

t (i) and (v) Whatman No. 5; (iii) Allnutt and Sons No. Bl ; (ii) and (iv) Allnutt

and Sons No. D3.
± Measured by C.S.I.R.O., National Standards Laboratory, University of Sydney.
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Other grey and rough. Although more eggs were deposited upon the black surface

than upon the grey surface, the small difference in mean percentages and the large

variance indicated that both surfaces were equally attractive. However, as a black,

smooth surface was preferred to a grey, smooth surface (experiment 3) and a rough

surface to a smooth one (experiment 4), then the equal preference for both surfaces

above was the result of an interaction between the two factors, reflectance and texture.

When the choice was between a black, rough surface and a grey, smooth surface,

the black, rough surface was preferred (experiment 9), and although this preference

was greater than that for a black, smooth surface rather than a grey, smooth surface

(experiment 3), the increase was not significant.

7. The comMnecb effects of reflectance, texture, and free water or a moist surface.—
In experiment 10 the choice was between a free water surface with a black background

and a grey, rough, moist, porous surface. The water surface was preferred to the grey,

Table ].

Summary of Results.

Mean
Experiment Re- Number Percentage Value of Prob-

Number. Surface. flectance

(%).

of Eggs

Deposited.

of Eggs

Deposited.

Variance. "t". ability

(\) The influence of water, reflectance and texture on oviposition by A. aegypti.

1 Free water .

.

7 6,056 73 19 19-8 001

Moist porous 7 2,063 27 19

2 Black 3 4,223 71 127 8-0 001

Grey 7 1,132 17 87 1-2 0-25

White 86 740 12 66

3 Black 3 8,998 73 42 13-3 001

Grey .

.

7 3,437 27 42

4 Black rough 3 6,040 59 8 1-3 0-10

Black smooth 3 4,091 41 8

(B) The combined influence of water and textm-e on oviposition by A. aegypti.

Grey free water

Grey rough moist porous

9 044

5,164

64

36

0-001

(0) The combined influence of water and reflectance on oviposition by A. aegypti.

6 Black free water 3 8,021 81 14 33

Grey smooth moist porous .

.

7 1,353 15 14

7 Grey free water 7 4,371 67 24 9

Black smooth moist porous 3 2,268 33 24

0-001

0-001

(D) The combined influence of texture and reflectance on oviposition by A. aegypti.

8 Black smooth 3 7,998 51 112 0-4 0-20

Grey rough • 6 6,612 49 112

9 Black rough 3 7,831 79 20 23-3 001

Grey smooth 7 1,877 21 20

(B) The combined influence of water, texture and reflectance on oviposition by A. aegypti.

10 Black free water 3 6,504 88 18 33-6 0-001

Grey rough moist porous .

'

7 888 12 18

11 Grey free water 7 6,707 52 8 2-6 0-05

3lack rough moist porous 3 6,416 48 8
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rough, moist surface, but the preference was not significantly different from that for a

water surface with a black background rather than a grey, smooth, moist surface

(experiment 6).

In experiment 11, the choice was between a free water surface with a grey

background and a black, rough, moist, porous surface. The water surface was slightly

but not significantly preferred to the rough, moist surface of lower reflectance. This

preference was significantly less than that for: (i) a water surface with grey back-

ground rather than a black, smooth, moist surface (experiment 7); and (ii) a water

surface rather than a moist surface (experiment 1).

Discussion.

The gravid females of A. aegypti showed three decided preferences when offered

choices between water containers for oviposition, namely: a rough surface was preferred

to a smooth one, low reflectance to higher reflectance, and a free water surface to

a moist, porous surface. When these were compared, the preference for a water surface

rather than a moist surface was not significantly different from the preference for a

black surface rather than a grey surface. However, both preferences were significantly

greater than that for a rough surface rather than a smooth one (Table 1).

Comparing the preferences of A. aegypti with those of A. scutellaris scutellaris

(O'Gower, 1955), one finds:

A. aegypti. A. scutellaris.

Preference for rough over smooth . . . . 59% to 41% 60% to 40%
Preference for black over grey . . . . 73% to 27% 70% to 30% '

Preference for water over moist . . . . 75% to 25% 54% to 46%

As the only difference in the preferences of these two species was that for a free

water surface rather than a moist, porous surface, and as this preference was relatively

unimportant in guiding the selection of an oviposition site by A. scutellaris scutellaris

(O'Gower, 1955), one would expect that the much stronger preference of A. aegypti

for a free water surface would be relatively more important in guiding the selection

of an oviposition site by this species. This was found to be true. A comparison between
the attractiveness of a free water surface with a grey background and the attractiveness

of a moist, porous surface, which was either black and smooth, grey and rough, or

black and rough (experiments 7, 5 and 11), showed that a free water surface was
always preferred to a moist, porous surface, irrespective of its texture or refiectance.

Summations of preferences were also shown to occur, for there was an increase

in preference for black rather than grey when the texture of the black surface was
changed from smooth to rough (experiments 3 and 9). Similarly, the preference for

a free water surface rather than a moist, porous surface was increased by lowering

its reflectance (experiments 1 and 6). Finally, the combination of a free water
surface with low reflectance made such an attractive oviposition site that the gravid

females rarely selected a moist, porous surface, even when its texture was rough
(experiment 10). Subtraction of preferences occurred in a similar manner. Thus an

increase in reflectance of a water surface decreased its attractiveness when compared
with a m^oist, porous surface whose reflectance was decreased (experiments 1 and 7).

It would therefore appear that the gravid females of A. aegypti are strongly

influenced in the selection of an oviposition site by the presence of a free water surface

and, to a lesser extent, by low reflectance, but texture only influences those mosquitoes

ovipositing on a moist, porous surface.

Although the physical and chemical properties of the water itself have been shown

to influence the selection of an oviposition site by A. aegypti (Buxton and Hopkins,

1927; Hecht, 1930; Manefield, 1951; Wallis, 19546; Woodhill, 1941), these environmental

factors have not here been studied, and thus these results constitute only a portion of

the whole behaviour pattern involved in the attraction to, the selection of, and the

deposition of eggs upon the oviposition site. Further experiments are now in progress,

in an attempt to demonstrate which environmental stimuli most influence the oviposition

behaviour of A. aegypti.
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INHERITANCE OF RESISTANCE TO WHEAT LEAP RUST IN MENTANA,
A VARIETY OF TRITICUM VULGARE.

By D. S. Athwal and I. A. Watson. The University of Sydney.

[Read 28th August, 1957.]

Syiioiisis.

The results reported here relate to the mode of inheritance of leaf rust reaction of

Mentana 1124. The F, segregations of crosses involving this variety have been found to vary
in the seedling stage with the susceptible parent used in such crosses. From a detailed study
of the cross Federation x Mentana, it appears that the resistance of Mentana in the seedling

as well as mature plant stage is governed by two linked factors. These factors behave as
recessive in the seedling stage, but one of them shows reversal to a dominant condition at the

mature plant stage. . .

Introduction.

In Australia wheat leaf rust caused by Puccinia triticina Erikss. is widespread

and in some years is responsible for significant losses in yield. Practically no local

work on breeding for resistance to this disease has been done. Gabo resulting from
the cross Bobin- x Gaza and deriving its resistance from Gaza (Triticuvi durum) Desf.,

Warigo and Glenwari each resulting from Hope crosses and Spica originating from a

cross involving Kamburico (Triticum durum) are the only commercial varieties which
have been selected for resistance to leaf rust. With the occurrence of new races of

the organism all are now susceptible.

Certain varieties have maintained their resistance over a long period despite

changes in the rust flora, and Mentana^ is outstanding as a source of resistance to all

Australian races of P. triticina. Backcross lines using several of the leading varieties

in Australia as recurrent parents are now available and as far as is known they

possess the resistance of Mentana to all these races. The present paper reports the

results of studies made during the course of this breeding programme.

Materials a^'d Methods.

In view of the fact that when Mentana was crossed with different varieties there

was inconsistency in the F^ segregation a number of parents were used in the crosses

herein reported. They were studied in the Fi, Fo, F3 or backcross generations as

follows:

(;ross. Generation St'idied.

Federation 107'^ x Mentana 1124^ .. F. F, Fa

Eureka 1325 x Mentana 1124 Fi F2 —
Egypt 1228 X Mentana 1124 Fi —

.

—
Chinese Spring 1806 x Mentana 1124 Fi F2 —
Bencubbin 1099 X Mentana 1124 .. Fi Fo F3

Dundee 985 x Mentana 1124 — F, —
Gabo 1422 x Mentana 1124 — — F3

Mentana 1124 x Kenya 117A 1347 Fi Fo —
Mentana 1124 xGular 1101 — Fa —
Mentana 1124 x Kendee 1405 — Fs —
Mentana 1124 x Dundee 985 — — F3

(Federation x Mentana) x Federation Fi Fa —

^ The variety Mentana 1124 reported here was introduced from Italy in

1937. It has been identified by Professor Ugo de CiUis as " Giro Menotti

"

which is also kno^vn as " Rachael or Awnless Mentana ". He has traced its

origin to the cross Akagomuki x (Rieti) x Wilhelmina (Tarwe) made in 1917.
'^ Varieties carry the Sydney University Accession Numbers.
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In the glasshouse all hybrid material consisting of Fj, F,. and F3 generations of

crosses of Mentana with susceptible varieties was studied by using a pure culture of a

strain of rust whose reactions agreed with those of UNI 2. One cross, viz. Mentana x

Dundee 985, was tested in the F;, generation with a strain falling in the UN14 group.

For the present purposes these particular strains as well as others are designated by

their UN number.

Field studies were made of plants in the adult stage in the F^, Fo and F, generations

using races closely related to 26, 64, 68, 95, 135 and 138. The cross Federation x Mentana
was studied in more detail than the others both in the glasshouse and in the field.

Fo seedlings were classified for their rust reaction iii the glasshouse to UN12 and

were then transplanted to the field and later their reactions as adult plants to a

mixture of races were determined. The F2 classification for rust reaction was checked

by testing Fo progenies of F2 plants which in the seedling stage represented different

reaction types. F3 lines whose seedling reaction was known were also grown and tested

for their adult plant reaction to a mixture of races.

Classifications both in the glasshouse and the field were made according to the

following scheme:

Class of Reaction.

Type of Infection.

(Seedling.)

Severity of Infection.

(Adult Plant.)

Highly resistant (R)

Moderately resistant (MR)
Semi-resistant (SR)

Intermediate (Int)

Susceptible (S)

Segregating (Seg)

; and 1, x — , x =^

X, 2

x +
3, 4

Range

0- 5 per cent.

5- 15 „ „
15- 30 „ „

30- 50 „ .,

50-100 „ „

Range

Experimental Results.

(a) Glasshouse Studies.

The seedlings of Mentana were moderately resistant to all races used, but the Fj

seedlings of the following crosses were susceptible to UN12: Federation x Mentana,
Eureka x Mentana, Egypt x ^Mentana, Chinese Spring x Mentana, and Bencubbin x
Mentana. In the cross Mentana x Kenya 117A the Fi seedlings gave an intermediate
reaction to this same race.

In Table 1 are given the reactions of Fo seedlings of a number of crosses to UN12
and in all cases except the cross Mentana x 117A there is a preponderance of susceptible

segregates.

Table 1.

Reactions to UN12 of F, Plants of Crosses between Mentana and Certain Susceptible Varieties.

Resistant.
Ratio of

Resistant

Inter-

mediate.

Sus-

ceptible. Total.

(R-, SR) to

Cross. Susceptible

(MR.) (SR.)
(Int., S)

Plants.

Federation x Mentana 270 67 103 483 923 1 : 1-74
Chinese White x Mentana . 169 74 140 313 696 1 : 1-86
Eureka x Mentana 98 18 63 150 329 1 : 1-83

Bencubbin x Mentana 109 29 20 230 388 1 : 1-81

Mentana X Gular 1101 102 31 29 176 338 1 : 1-54
Mentana x Kendee 1405 113 37 54 154 858 1 : 1-38
Dundee 985 x Mentana . 61 7 18 73 159 1 : 1-34
Mentana X Kenya 117A 169 64 47 109 389 1 : 0-67
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The reactions obtained on F, could not be explained on any simple Mendelian

basis and further data were obtained by studying F3 progenies.

A number of F. plants of the cross Federation x Mentana with known reactions to

UN12 were transplanted in the field. Seedlings of F3 families raised from 201 of these

plants were tested with the same race and a comparison of Fo and F, reaction is

presented in Table 2.

The data in Table 2 show that the resistant Fo plants all bred true for resistance

but the breeding behaviour of all plants does not agree with a 1:2:1 ratio expected on the

basis of a single factor segregation as the number of I'esistant lines greatly exceeds

the number of susceptible. This was further confirmed by an additional 193 randomly

selected F3 lines which when tested with UN12 showed 65 resistant, 109 segregating

and 19 susceptible.

Table 2.

Seedling Reactions of 201 F3 Families of the Cross Federation x Mentana Raised front F^ Plants Repre-

senting Different Reaction Types to UN12.

F3 Reactions.

Resistant.

(MR to SR.)
Segregating. Susceptible. Total.

Fv Reactions. <

' Resistant

:

MR ..

SR

Susceptible

:

Int

S

55

17

16

81 ^2

55

17

16

113

Total 72 1 97

i

32 201

It appears that the resistance of Mentana in crosses with Federation is inherited

as a recessive character. Eighty first backcross seedlings of Federation" x Mentana were
all susceptible to UN12 but in the next generation 47 segregated for resistance and 33

were homozygous susceptible.

These results can be best explained by assuming that Mentana possesses two

linked genes which in the seedling stage against UN12 behave as recessives. The two

genes can produce a moderately resistant reaction or semi-resistant reaction when
present either singly or in combination. From the data of Table 1 it can be calculated

that when Federation is crossed with Mentana the recombination between these two

genes is 26-55 per cent. From Table 1 it is suggested that 337 resistant Fo plants

(MR and SR) constitute the double recessive parental class as well as the two single

dominant and single recessive recombination classes and 586 (Int. and S) plants

constitute the double dominant parental class.

When 394 F3 lines of the cross Federation x Mentana were examined, 137 were
MR to SR, 206 segregated and 51 were susceptible, and this agrees with the ratio of

36-5: 50-0: 13-5 (P = 0-50 - 0-70) expected on the basis of 26-55 per cent recombination.

Furthermore, the backcross data on 80 Fi plants of the cross (Federation •: Mentana) x

Federation, also support this recombination value since the ratio 47 segregating families

to 33 susceptible agrees with the ratio expected, viz. 63-3:36-7 (P = 0-30 - 0-50).

The F3 studies also included those where Mentana was crossed with other varieties

and certain of the results are given in Table 3.

The results of crosses with Gabo and Bencubbin can be explained on the basis, of

a single factor in Mentana but in all the segregating lines of both of these crosses

there was a preponderance of susceptible plants indicating the recessive nature of the

resistance. In the case of the cross Mentana x Dundee there is evidence for the two



248 INHERITANCE OF RESISTANCE TO WHEAT LEAF RUST IN MENTANA.

linked genes, as the data show good agreement (P = 0-30 - 0-50) with a 36-5: 50-0: 13-5

ratio.

The progeny tests carried out with Federation x Mentana F3 lines in Table 2 show
that all the resistant Fo plants are homozygous, whilst those showing an intermediate

type of resistance and some of the susceptible plants were heterozygous. From a

perusal of Tables 1, 2 and 3 it appears that resemblances or dissimilarities of F,

segregation among crosses of Mentana with Federation, Bencubbin and Dundee do not

have any bearing on the relationship of F3 breeding behaviour of such crosses.

Whereas all resistant F, plants of the cross Federation x Mentana have bred true,

this does not seem to apply to the other two crosses. Of the crosses studied in the

F3 generation F'ederation x Mentana is the one in which resistant F2 plants will breed

true. What such plants will do for other crosses cannot be predicted without a

progeny test.

It appears that minor genes are capable of effecting a change in one of the Mentana
genes from a recessive to a dominant condition. Presumably the expression of dominance

in this gene will depend on the genetic background in which it is operating. The
cross Mentana x Kenya 117A which behaved in this way shows dominance of resistance

and in the F, there are more resistant than susceptible plants.

Table 3.

Reaction of F3 Lines of Crosses between Mentana and Svsceptible Varieties.

UN
Number
of Strain.

F3 B,eactions.

Parents or Cross.

Resistant. Segregating. Susceptible. Total.

P Value

for 1:2:1
Ratio.

Parents

Gabo X Mentana
Parents

Bencubbin x Mentana
Parents

Mentana x Dundee

12

12

12

12

14

14

Mentana
33

Mentana
37

Mentana
24

76

57

43

Gabo
29

Bencubbin

29

Dundee
13

138

123

80

0-30-0 -50

0-30-0 -50

0- 10-0 -20

It has been found by Watson (unpublished) that the resistance of Mentana which
behaved as a recessive in the Fi of the cross Gabo x Mentana could be readily transferred

to the recurrent parent Gabo in successive backcrosses. Resistant plants appeared
with such frequency as to indicate that a dominant factor was being utilized. This

modification appears to be a case similar to the dominance modification in short-tailed

mutant mice observed by Fisher and Holt (1944) and Dunn and Gluecksohn-Schoenheimer

(1945).

Hallquist (1953) has recently found two cases where recessive homozygosity of a

single gene resulted in a change of dominance in another pair of alleles determining

flower colour in lupin and chlorophyll characters in barley. Gorlach (1937) and
Vohl (1938) showed that the resistance of a wheat variety to leaf rust could behave

as a recessive in crosses with some susceptible parents and as a dominant in crosses

with others. These results together with those published herein may be explained

by the presence of inhibitors but this is the subject of further study.

The results on the inheritance of Mentana resistance in crosses with Federation

can be summarized by concluding that the variety possesses two genes Mtj and mta

and these are linked with 26-55 per Cent crossing over. Mti is recessive in general but

behaves as a dominant or partial dominant in certain genetic environments. It appears

that these two genes are unequal in their effects and F3 lines were obtained, some of

which were moderately resistant, others semi-resistant, but it was impossible to separate

them with certainty.
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(&) Field Studies.

When Fi seedlings tested with UN12 were transplanted in the field and tested as

adult plants with a mixture of races, the resistance was dominant irrespective of

what susceptible parent was used.

Fa plants of the cross Federation x Mentana tested in the same manner showed
that those resistant as seedlings were resistant as adult plants but some of the plants

susceptible as seedlings to UN12 were resistant as adult plants in the field to a mixture

of races where UN12 was a component. As shown in Table 4, the seedling reaction

could be used to select plants with resistance in the adult stage.

Table 4.

Seedling Reaction ofF-, Plants of the Cross Federation x Mentana to UN12 and Their Reaction

as Adult Plants to a Mixture of Races in the Field.

Seedling Reaction to UN12.

Resistant. Intermediate. Susceptible. Total.

Adult Plant Resistant

Reaction. Susceptible

72 16 71

42

159

42

Total 72 16 113 201

When these F„ plants were harvested and tested as Fg lines with UN12 it was
found that the 72 lines resistant at both stages of growth gave pure breeding F3

families. In most cases the plants that were resistant as adult plants but either

susceptible or intermediate in their reaction as seedlings produced segregating families.

Discrepancies in four of the lines have been explained by their escape from rust in the

field. Of those 42 plants that were susceptible at both stages of growth in F2, 28 gave
susceptible F3 progeny and 14 segregated.

These data suggest that one of the two Mentana genes which behaved as a recessive

in the seedling stage becomes dominant as the heterozygous plants advance in age.

Such a reversal was observed by Mains et al. (1926). They found that wheat seedlings

heterozygous for the genes controlling leaf rust resistance were susceptible during early

stages of growth but developed a resistant reaction at later stages.

In the cross Federation x Mentana there was a strong correlation between the

seedling reaction to UN12 and the adult plant reaction to a group of races. As shown
in Table 5, the two genes which appear to control seedling resistance are also operative

in the field.

Table 5.

Correlated Reaction of Seedlings of F3 Lines of the Cross Federation x Mentana Tested u-ith

UN12 and of Adult Plant Reactions Tested u'ith a Collection of Races in the Field.

Adult Plant Reaction.

Resistant. Segregating. Susceptible. Total.

Seedling

Reaction.

Resistant

Segregating . .

Susceptible

67

6

1

72

8

1

25

68

79

33

Total 73 81 26 180
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In the seedling stage almost all of the segregating lines showed a preponderance

of susceptible plants. As adult plants most of the lines showed a majority of resistant

plants, although there were some exceptions, and these probably arose from Fa plants

heterozygous for the gene recessive at both stages of growth. Among the 180 lines

tested and shown in Table 5 there were 16 lines whose seedling and adult reaction

were not identical. The reason for each discrepancy cannot be explained at present and

is the subject of further study. The possibility of an additional gene in Mentana
strongly linked with the other two cannot be overlooked.

If the gene in Mentana which shows a reversal of dominance is assumed to be

Mti and the recessive gene mta, the frequency of different genotypes that could be

recovered from the Federation x Mentana cross on the basis of 26-55 per cent crossing

over between the genes is given in Table 6. The lines given in Table 6 are the same
201 lines as are recorded in Table 4, and the four Fa plants which showed unexpected

behaviour have been grouped with the 28 showing a reaction closest to them.

Table 6.

Comparison of the Observed and Expected Behaviour of Various F^ Genotypes of the Cross Federation x Mentana.

Fa

^2 Field F, Calculated

Genotypes. Seedling Reaction Seedling Percentage Observed Expected
Reaction to Several Reaction Frequency. Numbers. Numbers.
to UN12. Races. to UN12.

Mti Mti Mt, Mt, MR to SR R MR to SR 1-76

Mt, Mti Mt, mt, . . ,, ,, ,, 9-74 — —
Mti Mti mto mto ,, ,,

13-5 — —
Mti mti nito mto ,, ,, ,, 9-74 — —
mt, mti mto mta " " " 1-76

36-5

72 73-4

Mti, mti, Mta, Mta . . S R Seg. 9-74

Mti, mti, Mts, mta . . S R Seg. 30-52

40-26

83 80-9

mti, mti, Mtj, mt, .

.

s S Seg. 9-74 14 19-6

mti, mti, Mtj, Mt, . s s S 13-5

100-0

32

201

27-1

201-0

The P value for agreement with the calculated numbers lies between 0-30 and 0-50,

The hypothesis of the two linked genes was tested further by classifying adult F^

plants for resistance to a collection of races in the field. The results for three such
crosses are given in Table 7.

Table 7.

Field Reaction to Several Races of F^ Plaids of Crosses Involving Mentana aiid

Susceptible Parents Federation, Bencubbin and Dundee.

F3 Field Reaction.

Cross.

Resistant. Susceptible. Total.

Federation x Mentana
Bencubbin x Mentana
Mentana x Dundee .

.

260

92

88 .

26

25

337

118

113

If 26-55 per cent recombination occurs between the genes of Mentana, one of
which behaves as a dominant in the^ adult stage, then the observed data of Table 7

for the Federation x Mentana cross agree with the expected ratio of 76-76:23-24 (P = 0-90).

There is, however, little difference between this ratio and the 3:1 so that the data on
adult plants from the three crosses of Table 7 agree with either a 75:25 or a 76-76:23-21

ratio.
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When the backcross (Federation x Mentana) x Federation was tested the hypothesis

appears valid. Of 83 F^ plants tested as adult plants to a mixture of races, 43 were

resistant (39 R, 4 MR) and 40 were susceptible. The data agree with a 1:1 ratio

(P = 0-70 - 0-80) and suggest the operation of one dominant factor for resistance. The
reaction of the recessive gene naU is apparently masked in the F^ generation by a
dominant allele contributed by Federation, because 9 of the 40 susceptible plants gave

progenies which segregated for the seedling reaction to UN12.

The results obtained from the Federation x Mentana cross in the seedling and adult

plant stages of growth can be satisfactorily explained on the basis of two genes for

resistance in Mentana linked with a recombination value of 26-55 per cent. Both of

the genes behave as recessives in the seedling stage but one of them shows reversal

to a dominant gene in the adult plant. In crosses with varieties other than Federation

there appeared to be alternative explanations for the mode of inheritance. Those
studies are being carried out for a complete understanding of this.

Discussion.

The results of these studies show that resistance to leaf rust in wheat can be

inherited in a relatively complex manner. The type of segregation obtained can be

markedly influenced both by the stage of growth of the plant and the genotype of the

susceptible parent of the cross. Certain of these varieties apparently are able to modify
the genes of Mentana in such a way that they behave as dominant rather than as

recessive factors.

Such a study as that reported herein is incomplete without the isolation in separate

stocks of each of the linked genes concerned with resistance. This is the subject of

further study in which it is hoped to gain more information on the genetic mechanism
responsible for influencing the dominant condition.

The reversal of dominance shown by one of the genes (Mtj) is not new. Mains
et al. (1926) reported that a single factor for leaf rust resistance in a selection of

Fulcaster wheat behaved as a recessive in the seedling stage and as a dominant at the

heading stage. In this work plants that were heterozygous and susceptible as seedlings

gradually became resistant to the same race of rust as they grew older. Though no
relationship should necessarily exist between the stage of growth and the genetic

environment it appears that the gene in Mentana whose dominant relationship is

modified in different genetic backgrounds is showing reversal of dominance with a
change in the development of the plant. Such can only be established with certainty

when the effects of other genes concerned in resistance are removed.
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GEORGE DAVENPORT OSBORNE, 1899-1955.

(^Memorial Series, No. 15.)

(With Portrait, Plate xii.)

George Davenport Osborne, son of Odo Lee Osborne and his wife Alice, was born

on 6th August, 1899, at Petersham, a suburb of Sydney, but spent much of his youth

in the suburb of Arncliffe. He was educated at the Sydney Technical High School

and the Sydney Boys' High School, and in 1917 enrolled as a student in the Faculty

of Science of the University of Sydney with the intention of becoming a secondary-school

teacher. However, strongly attracted to the study of geology under the influence of

Sir Edgeworth David and Professor Leo A. Cotton, he eventually decided to make this

his main life-work.

In those days the Honours Science course was a three-years one, a fourth year

being optional. Osborne elected to take the extra year, and in 1921 graduated with

First Class Honours and Medal in Geology-Mineralogy and the Deas-Thomson Scholarship.

The award of a Science Research Scholarship enabled him to spend a year in research,

which was continued at intervals in the two following years during the tenure of a

Demonstratorship. A year as Linnean Macleay Fellow of this Society in 1925 was
followed by appointment as Lecturer on the permanent staff of the University Geology

Department, on which he remained till his death in 1955, being appointed Reader in

Petrology in 1949. From 1933 till failing health forced him to resign he also lectured

in Geology at the Sydney Technical College, and for some years was Tutor in Geology

to the Workers' Educational Association.

As a University teacher Osborne had to be very versatile. At various times it was
his lot to give instruction on such varied themes as Optical Mineralogy, Crystallography,

Structural Geology, Petrology, Geological Mapping—and for a time Pedology. He won
the respect of many generations of University students not merely by his enthusiasm

and skill in imparting knowledge, but also by his easy and friendly manner, which
inspired confidence and invited inquiry.

Though city-bred, the geological field-trips of his student days, particularly those

involving camping and a generous issue of hard walking and climbing, gave him a love

for the country and for field-geology which he never lost, and made him a firm believer

In the Desmaret maxim: "Go and see." Much of his most effective instruction was
imparted through the medium of field-excursions. He never tired of showing to and

sharing with students the delights of his beloved Carboniferous country, and would
organize walking or cycling trips planned so as to embrace the maximum of geological

sight-seeing in the minimum of time. On these excursions he was apt to set a pace

and a standard of endurance that taxed the capacity of his younger companions to

emulate. He was very much interested in his Technical College classes, composed in

the main of men of more mature age than the average University student who were

making a serious study of geology for its own sake. Many of them he introduced to the

rich and varied geology to be found in the Hunter, Paterson and Williams valleys, the

South Coast, Tallong, Hartley Valley, and elsewhere. One of his most prized possessions

was a slab of Carboniferous varve-shale polished and mounted on a wooden base with

suitable inscription, a memento and token of appreciation from an excursion party of

"Tech" students.

Osborne's research interests had a wide range in both field and laboratory, but

he was perhaps at his best tracing out field-relations by detailed mapping and obser-

vation. In 1914, during a British Association excursion in the Maitland area. Professor

David had made the exciting discovery of a glacial tillite, afterwards proved to be

Proceedings of the L];NNEyA.N Society of New South Wales, 1957, Vol. Ixxxii, Part 2.
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Carboniferous, in a road cutting at Seaham, and in 1919 after World War I he and
C. A. Sussmilch, then Principal of Newcastle Technical College, were associated in

a preliminary paper on the geology of the area, with special emphasis on the glacial

evidences. For his fourth year Honours research Osborne began in 1920 the detailed

mapping and study of the Carboniferous rocks, chiefly the Kuttung division of them in

the Seaham-Clarencetown-Paterson area, a most fascinating but arduous task to which
he applied himself in the following years with vigour and enthusiasm, examining glacial

evidences, establishing a detailed stratigraphical succession, determining volcanic types

and deciphering the intricate pattern of folding and faulting. In succeeding years

he extended his work north and north-west to Scone. The period from 1921 to 1929

was that of greatest productiveness, when the results of his work were recorded In

nine important papers, emphasis being laid increasingly on structure. The whole of

the observations he then, in 1929, integrated into a structural review of the region

from Raymond Terrace to Scone, for which he received the degree of Doctor of Science.

An early and notable result of this regional study was the recognition and tracing

for nearly 100 miles, of the great Hunter Overthrust forming the boundary between

Carboniferous and Permian rocks. This feature was noted also by State geological

surveyors working elsewhere in the Permian, and by them called the Great Boundary
Fault. There was at the time some difference of opinion as to priority of discovery,

but it appears that honours go to Osborne by a narrow margin.

The most striking characteristic of Osborne's field work was its thoroughness;

faithful and accurate mapping and observation at all costs was the ideal that he

steadfastly pursued. Much of the Carboniferous country is rugged and some of it difficult

of access, but there was little of it that he did not traverse on foot or horsieback,

by bicycle or motor-car. It is perhaps hard to realize the magnitude of the task he

accomplished in these days when mechanical transport makes field work practicable

in the roughest country, air photographs provide accurate pictures of topography

and structures, and more or less liberal financial aid is available.

In later years, by himself or in conjunction with students, he extended the bounds

of his field research north to Murrurundi and east to the coast, and his comprehensive

analysis of the complicated structure of the Hunter-Manning-Myall Province was
published in 1949 as a Monograph of the Royal Society of New South Wales. This

survey, the greatest and most thorough of its kind ever undertaken in this or any
other State of the Commonwealth, and embracing the strata from Devonian to Permian
in an area of some 7,000 square miles, was the result of devoted and inspired effort

sustained over a period of nearly 30 years, and stands as Osborne's greatest geological

achievement.

Though structural geology was his chief preoccupation he was early attracted to

petrology, to which he made significant contributions. As an undergraduate he described

the rocks of the Tertiary volcanic neck at Norton's Basin, at the junction of the

Warragamba and Nepean Rivers, and in connexion with his Carboniferous work made
field and laboratory studies of the Kuttung volcanic sequence. Later he turned his

attention to the silicated limestones and other contact-rocks around the Marulan

bathylith near Goulburn; these and the contamination and hybridism in the intrusion

itself were dealt with in a couple of important papers. He also studied contamination

and contact-metamorphism at Carlingford, Ireland, where he discovered the rare

minerals custerite and monticellite in the limestone. Further papers on these and

other topics were almost completed, but never reached the stage of publication.

In his last years he devoted much attention to problems of the ultrabasic rocks in

the Great Serpentine Belt and elsewhere in this State, and as far away as Central

Australia and New Zealand. In 1951 he paid a short visit to Great Britain and U.S.A.

for the express purpose of examining ultrabasic rocks and their derivatives and

discussing aspects of their genesis and tectonic environment.

From time to time he engaged in study of the stratigraphy and structure of the

Permian and Triassic strata of eastern New South Wales, and from his student days
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was interested in the structure and geological history of the Cumberland Basin. Like

many others who have studied this problem he never did detailed or systematic work
on it, but it formed the subject of his Presidential Address to this Society in 1948.

Conscious of the need for widening his geological outlook and experience he missed

no opportunity of travelling both in the Commonwealth and overseas, and few, if any,

of his geological colleagues in Australia had carried their investigations so far afield

as he. In New Zealand, to which he made a number of trips, he found much of interest,

particularly in the volcanic and glacial phenomena.' He seems to have meditated

a petrological study of the volcanic centre of Mt. Egmont, where he spent several weeks

in field work and on whose ice-clad slopes he had on one occasion a hairbreadth escape

from death. In 1930 he proceeded to Great Britain for petrological research in the

University of Cambridge under Professor C. E. Tilley, and visited Europe, where he

studied structural and glacial features in Sweden (under the guidance of Holmquist

and of De Geer and Caldenius), Germany and Switzerland, and spent some time in the

laboratory of Niggli at Zurich. He contrived also to visit several of the classical areas

of geological interest in the British Isles including Skye, Comrie, Ballachulish and
Glencoe, Devon, Cornwall and the Lakes District, Carlingford, Larne, Donegal and
Connemara. All of these trips yielded a bountiful store of typical rock specimens,

each neatly trimmed and labelled, to enrich the geological collections of his home
University. The ground which he succeeded in covering in a limited time was amazing,

especially when one considers that the excursions were sandwiched in between periods

of intensive laboratory work at Cambridge.

A second period of research, leading to the degree of Doctor of Philosophy, was
spent at Cambridge in 1939, at the end of which, with the aid of a Carnegie grant,

he visited several universities in the U.S.A. and Canada. In the course of his tour he

had the opportunity of discussing geological problems with specialists and of lecturing

to members of university staffs and graduate students on aspects of Australian geology.

Some time was spent as a Research Associate at Harvard on experimental work
designed to throw light on the mechanics of the Hunter Overthrust, and at other

universities in acquiring familiarity with the techniques of tectonic petrology. A third

short visit was paid to Great Britain and U.S.A. in 1951. In connexion with his research

he had acquired a considerable library and was justly proud of his very large collection

of geological reprints, most of which after his death became the property of the

University of New England.

Apart from teaching and research Osborne was associated with a multitude of

other activities, particularly in organized science. Except for four years, he was on the

Council of the Royal Society of New South Wales from 1941 till his death; he occupied

the presidential chair in 1944, and served as Honorary Treasurer and for a time as

Honorary Editorial Secretary. He joined this Society in 1921, became a member of

Council in 1942, and was elected President in 1947. An active member of the Australian

National Research Council, he was for some time convener of its Oceanography
Committee and a member of some of its other committees. In 1935 he succeeded the

late Sir Edgeworth David as Honorary Secretary of the Glaciation Committee of

Section C of the Australian and New Zealand Association for the Advancement of

Science, and later successfully organized the work of its Tectonic Map of Australia

Committee. His outstanding services to Australian geology were recognized by ax^

invitation to preside over Section C of the Australian and New Zealand Association

for the Advancement of Science at the Melbourne Meeting in August, 1955. Unfortunately,

and to his great grief, the state of his health forbade active participation in the

proceedings of the Section, but he was able tg be present and make a short inaugural
speech at the opening session.

Within the University he was for eight years on the governing body of the

University Union, part of the time as Senate representative, and served as Honorary
Treasurer and as President. The'University Settlement found in him a warm supporter;
lie joined its Committee in 1940 and acted as Honorary Treasurer and Vice-President.

From 1943 he was a member of the Council of Wesley College.
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Outside the University he found time to engage in the service of the Methodist

Church as a lay preacher. A lover of good music from his earliest youth, he Vfas, though

entirely self-taught, no mean performer on the piano and the pipe organ, and one

of his delights was to spend a few hours at the keyboard of a church organ in whatever

town he happened to be visiting. He was for many years honorary organist and
choirmaster in the Methodist Church at Arncliffe, and later at Turramurra, where he

resided during the last 21 years of his life. His passion for music and strong feeling

for religious ceremonial and dignified ritual were gratified particularly in cathedrals

and College chapels during his travels in Great Britain and elsewhere.

One of his most marked characteristics was a capacity for friendship and a gift

for making friends. During his field work he made the acquaintance of hosts of

country people in all walks of life; his heart warmed to their hospitality and they were
attracted by his unaffected friendliness and absence of reserve, and several of them
became his fast friends. In scientific and non-scientific circles at home and overseas

the number of his friends was legion, and with many he kept up an active correspondence.

His personal relations with students wer^e of the happiest, and they rejoiced in his

friendship long after their student days were over. For a man of his stature and
physique he had remarkable vigour and endurance, and this was matched by a restless

energy and activity of mind. In the course of an exceptionally active life he never

spared himself, and despite the warnings of his friends constantly taxed his mental

and bodily powers to the limit. There is little doubt that this failing was largely

responsible for a serious illness that befell him early in 1952, with its legacy of a

weakened heart. With much reduced and gradually diminishing powers he contrived

for some time to carry out a very greatly curtailed programm,e of teaching and research,

but on October 2, 1955, his health took a sudden turn for the worse and three days

later he died. Perhaps not unfittingly his last conscious act was to browse through

a geological paper.

In 1930 he had married Gwynneth, daughter of James Love, who with two sons

survives him.
W.R.B.
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CYTOTAXONOMY OF THE PROTEACEAE.
By C. Venkata Rao/ Department of Botany, University of Tasmania.

(Communicated by Professor H. N. Barher.)

(Plate xi; thirty Text-figures.)

[Read 2Sth August, 1957.]

Synopsis.

The existing- classification of the Proteaceae as given by Engler (1894) in "Naturlichen
Pflanzenfamilien" is examined critically in the light of cytological, morphological, anatomical
and embryolog'ical data and a new classification is proposed .

Introduction.

The Proteaceae is a large family with 61 genera and about 1400 species (the latter

figure is kindly supplied by Mr. J. H. Willis, of the National Herbarium and Botanic

Gardens, Melbourne). Of these, 37 genera and about 750 species, belonging to all the

tribes (except one) of both the sub-families, occur in Australia. Fourteen genera and
about 350 species occur in South Africa and Madagascar, belonging to the tribes

Persoonieae (two genera) and Proteeae of the Persoonioideae. Eight genera and about

90 species occur in South America (Sleumer, 1954) belonging to five tribes of the

Grevilloideae (of the present classification). Nine genera and about 50 species occur

in New Caledonia belonging to one tribe of Persoonioideae and three of the Grevilloideae;

two genera (one of Persoonioideae and one of Grevilloideae) each with one species

occur in New Zealand. Nine genera, all belonging to the Grevilloideae, and about

80 species occur in Malaysia (Sleumer, 1955) and a few in Pacific islands. Except for

Helicia, which extends as far north as S. Japan, the family is mainly confined to the

southern hemisphere.

Robert Brown (ISIO) divided the family into two subfamilies: the Nucamentaceae
(fiowers arising singly in the axils of bracts and fruits indehiscent) and the Folliculares

(fiowers in pairs in the axil of common bracts and fruits follicular). The Nucamentaceae
he divided into four tribes: Persoonieae, Franklandieae, Conospermeae and Proteeae.

and the Folliculares into three: Grevilleae, Embothrieae and Banksieae. Bentham
(1870) adopted this classification while Engler (1894), accepting it in principle, altered

the names of the subfamilies into Persoonioideae and Grevilloideae respectively. White
and Francis (1923) described a new genus Placospermum, which they suggested be

placed in a separate tribe, the Placospermeae, in Grevilloideae near to the Embothrieae,

which it resembles in multiovulate carpels, follicular fruits and winged seeds. Other

genera have been reported, e.g., Musgravea (Mueller, 1890) and Austromuellera (White,

1930), whose systematic position has not been determined by their authors. There is

no general taxonomic discussion on the Proteaceae since Engler (1894) treated the

family in "Naturlichen Pflanzenfamilien".

Criteria Used in Classification.

The present revision of classification of the family is based on observations on the

cytology, floral morphology, floral anatomy, wood anatomy and embryology in about

40 genera representing all the tribes of the family. Before giving the proposed

classificatian, the criteria used and the changes made are stated briefly.

Cytology: Cytological data were found to be very useful as a guide to the affinities

and evolutionary tendencies among the genera and tribes. The smallest chromosome

number (n = 5) is found in association with the largest number of primitive features

* Permanent address : Botany Department, Andhra University, Waltair, India.

Proceedings of the Linnean Society of New South Wales, 1957, Vol. Ixxxii, Part 2.
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in Bellendena montana, a monotypic endemic of Tasmania. Persoonia shows the next

smallest chromosome number (n = 7) and resembles Bellendena in several morpho-

logical, anatomical and embryological features. The chromosomes in these two genera

are also relatively thick and large, and differ from those of other genera in which they

are smaller and more slender. These two genera provide two basic chromosome
numbers and basic patterns of floral structure. The chromosome numbers in other

members of the family {n - 11, 12, 13, 14 and 15, the present studies; of. also Blackwood
in Brock's Newsletter, 1954, and Darlington and Wylie, 1955) seem to be progressive

aneuploid and polyploid series and are associated with flowers which show increasing

grades of complexity. The chromosome numbers of all species of a genus are usually

the same; the genera of natural and well-defined tribes also have the same numbers,

e.g., Banksieae n = 14; Telopeae* n = 11. The chromosome numbers therefore seem to

offer reliable evidence regarding the affinities between the members and can be used

in defining the limits of the tribes and genera.

Wood anatomy: The structure of the wood in the two genera Banksia and Dryandra
which form a very natural tribe, the Banksieae, is quite characteristic and unique, due

to the occurrence of radially aligned vascular tissue in the rays (Chattaway, 1948a).

In other genera, it is difficult to formulate any criteria for evaluating primitive and
evolved types. In general, the wood of this family seems to be somewhat specialized.

Dr. Chattaway observes: "though the anatomy of some members of Persoonieae is quite

distinct from that of Grevilloideae, others merge towards it and there is great variation

within the group itself .... Some of the species of Persoonieae have features that are

f^r from primitive, and indeed the anatomy of the whole family is less primitive than

would be expected from fioral structure" (in a personal letter to the writer d. 1-11-1956).

Although a little anatomical work has been carried out for the present survey, the

available data have been assessed where possible.

Morphology, fioral anatomy and embryology: Vegetative features, structure of the

infiorescence, and external features of the flower, the more important of which include

the sexual type, symmetry, structure of the nectary, stamens, structure of the ovary,

style and stigma, number of ovules, their structure and attachment in the ovary, are

used as criteria to determine the affinities among the genera and tribes and their

relative evolutionary status. The details are listed in Table 1. The morphological

and anatomical criteria of primitiveness are those usually accepted (c/. Hutchinson,

1926; Eames, 1931; Eames and MacDaniels, 1947). Some of the features given by

Sporne (1954) are adopted and others are modified to suit the family.

One of the features of distinction between the two subfamilies given by all the

previous taxonomists concerns the position of the flowers in the inflorescence, which is

solitary in the Persoonioideae and in pairs in the Grevilloideae. The present studies

have shown that the flower pair is in reality a much reduced branch inflorescence.

This is evident by (a) the occurrence of three or more flowers at the ends of short

lateral peduncles in some genera, e.g., Strangea, Musgravea, and Garnarvonia; (&) the

presence of pedicels and bracts for the individual flowers in addition to the common
bract, e.g., Helicia glabrescens; or the presence of a common stalk for the flower pair

which is erroneously interpreted as a "fused pedicel", e.g., Gevuina and Cardwellia;

and (c) particularly by the different positions the flowers of a pair occupy relative to

each other. Figure 1 represents the flower position in Musgravea; a similar arrangement
occurs in species of Austromuellera, Helicia^ Hakea. Grevillea, Darlingia, Buckinghaviia,

Oreocallis, Telopea, Macadamia and Orites lancifolia. Figure 2 shows the position of

the flowers in Lomatia; Cardwellia, Gevuina and Hicksbeachia also show similar

arrangement of flowers. Figure 3 represents the flower arrangement in Orites

diversifolia. The different positions of the flowers of a pair relative to each other can

be explained only by supposing that' all the flowers of a lateral branch except two
have been suppressed. The common bract for the flower pair actually belongs to the

lateral inflorescence. The "racemes" of the Grevilloideae are therefore condensed
panicles formed by reduction from lax paniculate inflorescences commonly found in

* Telopeae of the present classification roughly corresponds to Brown's Embothrieae.
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the Persoonioideae. Evolution of the inflorescence by reduction and condensation is

evident in Gramineae and Cyperaceae and is visualized in Palmae (Bosch, 1947) and
Amarantaceae (Bakshi and Chhajlani, 1954). The umbel of Eucalyptus also shows
similar tendencies (Pryor, 1953).

The position of the perianth on the thalamus relative to the other floral parts
shows an interesting variation. It is always antero-posterior in the Persoonioideae; in

the Grevilloideae it is antero-posterior in the relatively primitive genera and diagonal
to the bract in the more advanced ones. The position of the perianth can, therefore,

Table 1.

Characters used in assessing the evolutionary status of genera and tribes

of the Proteaceae.

Advanced.

shrubby habit

simple leaf

acicular and other xeromorphic types
condensed types
simultaneous ripening- of flowers of an

inflorescence

sessile condition

zygomorphic condition

partial male sterility,

gynodioecy and dioecy
perigyny
diagonal position

stamens adnate to tepals

non-apiculate and sessile stamens

sessile ovary
curved style and stigma with pollen-

collecting apparatus
bi- or uni-ovulate carpel

presence of nectary
vascularized and zygomorphic nectary

floral parts and traces showing conna-
tion and adnation

traces showing suppression or elabora-

tion of bundles
complete adnation of traces

multitraced carpels

2-porate pollen

pollen with papillate or reticulately

thickened exine

amphitropous and anatropous lateral

or basal ovules

presence of specialized methods oi

nutrition, e.g., glandular nucellar

cells, persistent wide pollen tubes,

embryo sac- and endosperm-
haustoria

loe added as another feature of distinction between the two subfamilies and is found

useful in clarification of taxonomic issues (c/. Placospermeae, below). Such a difference

in position of perianth within the family is unique. Transition from one condition

to the other is noticed in three tribes of the Grevilloideae (of the present classification),

namely, Grevilleae, Macadamieae and Telopeae, and clearly points to the derivation of

the Grevilloideae from the Persoonioideae along several independent lines. What is

more interesting is that such a transition is seen in Macadamia integrifolia (Fig. 4)

collected by the writer from the Botanic Gardens, Brisbane. The position of perianth

is found to be a useful character in the division of the tribes into subtribes.

In several genera of Proteaceae the flower shows a hypogynous nectary. The

interpretation of the morphology of the perianth is linked with that of the nectary.

Primitive.

Arborescent habit

compound leaf

dorsiventral leaf

lax inflorescences

acropetcil arrangement of flowers

presence of pedicels and peduncles

regular flowers

hermaphrodite condition

hypogyny
antero-posterior position of perianth

on the thalamus
stamens conipletely free from perianth

stamens with filaments and produced
connectives

stipitate ovary
straight style and simple terminal

stig-ma

multiovulate carpel

absence of nectary
non-vascular and symmetrical nectary

with four free lobes

completely free floral parts and traces

3-bundled traces

congenital concrescence of floral

organs
3-traced carpels

triporate pollen grains

smooth-walled pollen

orthotropous and pendulous ovules

absence of special methods of nutri-

tion of the embryo sac and embryo
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Kausik (1938, 1941) found that in Macadamia ternifolia the nectary is feebly vascnlar

and that in Grevillea robusta it is non-vascular. In view of the structure of the nectary

in Banksia sp. as four alternitepalous lobes, Kausik came to the conclusion that the

nectary in this family is a reduced corolla on the verge of extinction. As a corollary

he interpreted that the perianth is homologous to the calyx. (This idea has found

entry into text-books; c/. McLean and Ivimey-Cook, 1956, Vol. II, p. 1731.) According

to this view the monochlamydeous glandless condition of the flowers of some genera

like Bellendena, Agastachys, Symphyonenia, Isopogon, Petrophila, Stirlingia,

Conospermeae and Garnarvonia would represent the culmination of the process of

reduction of the "corolla". However, the present writer noticed that in Grevillea

robusta, as well as in fifteen other species of Grevillea studied, the nectary is profusely

vascularized. The interpretation of the morphology of the nectary and perianth by
Kausik is, therefore, untenable.

Figs. 1-3. Positions of flowers in the fiower pairs of the Grevilloideae.

Pig. 4. Macadamia integ-rifolla. Note the difference in position of periantli.

A comparative study by the present writer of the floral anatomy of nearly a hundred

species of the family belonging to all the tribes leads to the conclusion that the

glandless condition of the flower is primitively simple. The gland in Proteaceae evolved

as a 4-lobed alternitepalous non-vascular organ in connection with secretion of nectar.

This condition is found in Protea, Orites and the Banksieae. In some other genera,

e.g., Persoonia, Placospermum, Cenarrhenes, Franklandia, Adenanthos, Darlingia,

Cardwellia, and Kniglitia, the gland becomes vascularized by bundles derived from the

tepal laterals or staminal bundles or carpellary traces. In the Macadamieae the four

lobes of the nectary either remain separate {Helicia, Xylomelum, Euplassa) or they

fuse to form a cup or tube (Macadamia, Lambertia). In other tribes the gland becomes

modified in relation to zygomorphy of the flower by suppression of lobes in the anterior

sector and fusion of the surviving lobes. In Musgraveae and Lomatia the anterior

lobe becomes suppressed and the other three lobes remain free. In Gevuina, Opistholepis,

Buckinghamia and Stenocarjms. in which the perianth is antero-posterior, the two anterior

lobes of the nectary become suppressed and the other two fuse together. In Grevillea,

Hakea, Telopea and Oreocallis, in which the perianth is diagonal to the bract, the

anterior lobe is suppressed and the I'emaining three unite to form a crescent-shaped

structure. In all these cases the nectary is vascular. In the regular flowers in which:

the lobes of the nectary are symmetrical, the vascular supply is derived from bundles
all round the stele; in flowers with zygomorphic nectary, its vascular supply is derived

from the vascular bundles on the side on which the nectary is developed.
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The nectary in Proteaceae, therefore, has a story of progress and not of reduction:

progress from non-vascular to vascular condition and from actinomorphic to zygomorphic

condition. However, it has not evolved beyond the status of a nectar-secreting organ

and therefore the question of its homology to the corolla does not arise. The glandless

flower is therefore primitively monochlamydeous and not monochlamydeous by reduction.

The perianth is not homologous to the calyx; it is only a single floral envelope.

However, it shows corolloid tendencies in its petaloidy, tendency towards zygomorphy
and even the tendency to occupy the diagonal position on the thalamus characteristic

of the corolla (cf. corolla of Cruciferae).

Classification.

Persoonieae: Of the nine genera which constitute this tribe, one is found in South
Africa, one in Madagascar, three in New Caledonia and five in Australia, of which
three are endemic in Tasmania. Bellendena (n - 5) and Persoonia (to = 7) seem to be

ACASTACHYS N-JJ
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CE f-iARR HFNES f^= I 4
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Fig. 5. Evolution within the tribe Persoonieae.

Fig-. 6. Plaeospermeae.

Figs. 7 and 8. Conospermsae.

the most primitive members, and Symjihyonema {n = 10) and Genarrhenes (n - 14),

whose flowers show some features of evolution, appear to be polyploids. In Cenarrhenes,

associated with this ploidy, a specialized method of nutrition in the shape of embryo

sac haustorium is noticed. Agastachys (n = 13) shows some features of reduction; one

ovule and its associated marginal bundle are completely suppressed (Fig. 5). This

genus appears to be a hypoploid. Evolution within the tribe Persoonieae according to

the views of the writer is represented in Figure 5. The chromosome number of n ± 14

in the South African genus Brabeium (de Vos, 1943, in Darlington and Wylie, 1955) and

the presence of embryo sac haustorium similar to that found in Cenarrhenes (Jbrdaan,
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1946, Fig. 17) show that the South African stock of Proteaceae is probably closely

related to the Australian stock.

Placospermeae: This tribe consists of the single monotypic genus Placospermum

(P. coriaceuni White and Francis), endemic in Queensland. In suggesting the placement

of Placospermeae in the Grevilloideae, White and Francis (1923) ignored the fact, which

is an important diagnostic character of the Persoonioideae, viz., that the flowers occur

singly in the axils of bracts. The perianth in Placospermum is antero-posterior. Though
this position of perianth is met with in some Grevilloideae, the two characters, namely

the solitary flowers and antero-posterior position of perianth, never occur together in

any Grevilloideae but are seen only in Persoonioideae. The flowers of Placospermum,

show one fertile and three sterile stamens (Fig. 6). Partial male sterility of this

kind is never noticed in Grevilloideae but is found in several Persoonioideae, namely
Conospermum (Fig. 7), Synaphea (Fig. 8), Adenanthos (Fig. 11) and Protea (Fig. 12).

In anatomical features of the flower and structure of the ovule, Placospermum resembles

closely members of the Persoonieae, especially Persoonia. The tribe Placospermeae,

therefore, should be transferred to the Persoonioideae and placed near to the Persoonieae.

The resemblances Placospermum, shows to the Grevilloideae in follicular fruits and

winged seeds seem to be homoplastic. The multiovulate carpel in this tribe may
represent the ancestral condition from which the 2- or 1-ovuled condition seen in other

Persoonioideae seems to be derived. Cytological examination may add further evidence

in clarification of the systematic position of the genus.

Conosperyneae: This is a well-defined tribe composed of two Australian genera,

Conospermum and Synaphea. These show zygomorphic flowers with bilabiate perianth,

partial male sterility and fusion of anther loculi. One stamen has both the anther

loculi fertile, two have one fertile and one sterile loculus and one stamen is completely

sterile. In Conospermum the sterility increases in the descending manner (from

posterior to the anterior side) while in Synaphea it is in the reverse order (Figs. 7

and 8). The haploid chromosome number in Conospermum is 11; that of Synaphea
needs to be determined.

Proteeae: This tribe is represented by four genera in Australia and twelve genera

in South Africa and Madagascar. Members of this tribe show involucral inflorescences,

zygomorphy of the flower, partial connation of tepals, partial male sterility and dioecy.

There is much diversity in floral structure and chromosome numbers within this tribe

(African section n = 11, 12, 13). There is some variation in floral structure within
the Australian Proteeae. Isopogon and Petrophila resemble each other in their gametic
chromosome number of 13 and the structure of the inflorescence and flower. The
inflorescence in both genera is a dense cone-like cluster; the flowers are regular,

hermaphrodite and devoid of nectaries. All stamens are fertile and anthers free;

the carpels are 3-traced and ovules orthotropous and pendulous. In Stirlingia the
inflorescence is a lax panicle. The flowers are regular and hermaphrodite or male by
abortion; they are devoid of nectaries. All stamens are fertile and adjacent anther
loculi coalesce. The carpels are multitraced and ovules basal and anatropous. In
Adenanthos the inflorescence is a few-flowered involucral cluster. The flowers show
four well-developed symmetrical nectaries and are actually zygomorphic due to partial
male sterility. The carpels are multitraced and ovules lateral. Whether there is any
diversity in chromosome numbers similar to that noticed in the African section can
be known only after the chromosome numbers in Stirlingia and Adenanthos are
determined. The differences in floral structure among the Australian genera which
are brought out in Figures 9-11, necessitate their distribution in three subtribes.

Investigation in the African section of the tribe may also make possible a similar
assignment. The African section, being placed under a new geographical environment
and under less species pressure from -other taxa of the family, has undergone greater
diversification than the Australian section: zygomorphy of the flower, connation of

tepals and their traces (c/. Protea, Fig. 12) and unisexuality (Leucadendron) are
attained. A complex type of involucral inflorescence similar to that of Compositeae
is seen in several genera.
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Franklandieae: This tribe consists of the single genus Franklandia with two
species which are endemic in Western Australia. The bases of tepals, stamens and
nectary fuse together to form a persistent appendicular tube (Fig. 13). The flower is

therefore perigynous while in other tribes it is hypogynous. The pollen grains of

Franklandia, though triporate, are spherical and differ from those of other tribes, in

which they are triangular and flat. The vascular anatomy of the flower, however,
resembles closely that of Persoonieae. Chromosome numbers are not known for this

genus.

FRANKLANDIA

13

HELICI A

XYLQMELUM
HKKSBEACHIA

14

EUPLASSA
{S. AMERICAN)

15

MACADAMIA SP.

LAMBERTIA

16

Figs. 9-11. Australian Proteeae.

Fig'. 12. Protea.

Fig. 13. Franklandieae.

Figs. 14-16. Macadamieae.
Figs. 17 and 18. Greville2.e.

Figs. 19 and 20. Oriteae.

Grevilleae: The tribe Grevilleae as constituted by Brown (1810) is a heterogeneous

assemblage of diverse stocks. In the present classification it is split up into three

independent tribes on the following lines:

Macadamieae: The tribe comprising Xylomelum, Hicksbeachia, Macadamia, Helicia,

Heliciopsis, Lambertia and Carnarvonia and the South American genus Euplassa (also

probably Roupala and Panopsis) show regular flowers, shortly filamented apiculate

stamens, sessile ovary, straight simple style devoid of pollen-collecting apparatus,

four symmetrical separate lobes of the nectary (Figs. 14, 15) which are sometimes
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fused into a cup or truncate tube (Fig. 16), or are rarely absent (Carnarvonia) . The
gametic chromosome number in the genera so far investigated is 14 (Macadamia,

Lambertia, Xylomelum)

.

Grevilleae: The tribe consisting of Gevuina (common to Australia and South

America), Strangea, Grevillea and Hakea and pi-obably Kermadecia (New Caledonia)

is characterized by zygomorphic flowers; the flower buds become reflexed early in

development; the stamens are sessile and non-apiculate; the ovary is stipitate and
the style is strongly curved and shows a pollen-collecting apparatus below the stigma.

The anterior one or two lobes of the nectary (depending upon the position of the

perianth on the thalamus) are suppressed and the surviving lobes fuse together to

form an asymmetrical gland (Figs. 17 and 18). The gametic chromosome number
in the genera so far investigated is 10 (Hakea and Grevillea).

Oriteae: This tribe consists of the single genus Orites, with nine species, of which

four occur in Eastern Australia, four in Tasmania and one in Chile. This genus stands

out distinctly from the Macadamieae and Grevilleae in the structural features of the

flower as well as the chromosome numbers. The haploid chromosome number of 15 in

0. diversifoUa (present studies) which may be a straight polyploid on base 5 or an
aneuploid on 14, is the highest number yet reported in the family. There is variation

within the genus in chromosome number (0. acicularis n = 14, present studies), in the

position of the flowers of a pair relative to each other (c/. Figs. 1 and 3) and also the

position of the floral organs relative to each other (Figs. 19 and 20), which is unusual

in other genera. The perianth in Orites is antero-posterior. In nearly all other genera

of the family, the tepal and stamen show only congenital concrescence, their traces

remaining separate; in Orites, however, the tepal and stamen traces are not only adnate

but remain so throughout their length and the conjoint trace departs characteristically

into the stamen making the lamina above its attachment midribless. While in the

relatively advanced genera of the Grevilloideae the tepal-stamen whorl shows torsion

from an antero-posterior position to a diagonal one, in Orites it is not the perianth but

the ovary which undergoes the torsion (c/. Solanaceae), so that the ventral suture of the

carpel points to the junction of the tepals (c/. Figs. 19 and 20). This feature is seen

in three out of the five species studied, viz., 0. milligani, 0. revoluta and 0. acicularis,

and is not noticed elsewhere in the family. These characteristic features justify the

genus being given a tribal status. The genus also shows specialized morphological

and embryological features, viz., shrubby habit, xeromorphic adaptations in the shape
of strongly revolute and succulent or acicular leaves and special nutritive mechanisms,
namely, glandular nucellar cells, persistent, wide, thick-walled pollen tubes and
endosperm haustoria.

Special mention must be made here of the two genera Buckinghaniia and Darlingia.

These occupy an anomalous position in the tribe Grevilleae of Brown because they

show 4-ovuled carpels while all other genera of the tribe are characterized by 2-ovuled

carpels. The development of the ovules in Buckinghaniia (and Darlingia) is seen to

follow a pattern quite different from that of Grevilleae but characteristic of several

genera of Telopeae, viz., Opistholepis , Stenocarpus, Telopea, Lomatia and Oreocallis.

In this type the funicle of the ovule develops precociously, bends like a hairpin, and
becomes webbed together by the growth of an aril or a third integument (of. Figs. 21-23

and 24, 25). This method of development is quite distinct from that seen in other

Grevilleae (c/. Fig. 26). In Telopeae the funicle develops into a samaroid wing. In

Buckinghamia and Darlingia, however, the wing develops as a membraneous symmetrical
outgrowth all round the body of the seed, resembling that of Grevilleae, e.g., Grevillea.

It is probably due to this structure of the seed wing that the two genera were included

by Brown in the Grevilleae. On the basis, of the resemblance in the multiovulate

carpels, and the ontogeny of the ovule the two genera show to Telopeae, they are

transferred to this tribe in the present classification. The resemblance of Buckinghamia
to Opistholepis is particularly close in the antero-posterior position of the perianth,

curved style with pollen-collecting apparatus and the two-lobed nectary. The flowers

of Darlingia resemble those of Hollandaea in the antero-posterior position of the

perianth, four symmetrical separate lobes of the nectary, straight style and simple
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stigma without pollen-collecting apparatus. The 4-ovuled condition of the carpel in

these two genera might probably indicate the tendency towards the reduction in the

number of ovules in this tribe also. Chromosome numbers in the two genera might
throw further light to clarify their taxonomic position.

Banksieae: This tribe comprises the two Australian genera Banksia and Dryandra.
They are characterized by compact cone-like inflorescences, presence of well-developed

bracts and bracteoles, sessile regular flowers, four symmetrical lobes of the nectary
(Fig. 27) which may be sometimes absent, 2-ovuled carpels, simple style and stigma
without pollen-collecting apparatus. The wood anatomy of these genera is also distinct

from that of other members of the family due to the presence of radially aligned

Figs. 21-26. Ovular development. Figs. 21 and 22. Telopea speciosissima: Fig-. 21, x 160;
Fig. 22, X 60. Fig. 23. Darlingia spectatissima, x CO. Figs. 24 and 25. Buchin(jhainia celsissivia:

Fig. 24, xl60; Fig. 25, x 60. Fig. 26. Hakea acicularis, x 60.

Fig. 27. Banksieae. Fig. 28. Musgraveae.

vascular tissue in the rays. The pollen grains in the two genera differ from those of

most other tribes in being ellipsoidal and biporate. Commenting on the pollen grains

of Banksia candolleana, Wodehouse (1932) remarks: "it appears that this grotesque

form is fairly established in the family and is not due to some individual or specific

anomaly in the arrangement of pollen cells in their tetrads as their form suggests".

The morphology of pollen, therefore, forms an important diagnostic feature. The
gametic chromosome number in both the genera is 14.

Musgraveae: The systematic position of the two monotypic endemic genera of

N. Queensland, namely, Musgravea and Austromuellera, has not been fixed by their

respective authors. Describing Musgravea stenostachya F. v. M., Mueller (1890) observed

that it could be a second species of Darlingia (disregarding the differences in the

nature of bracts and the number of hypogynous glands in the two genera) if there were

four ovules in the carpel, but that the flowers were like those of Helicia, the fruit

like that of Cardwellia, and the leaves indistinguishable from those of Orites fragrans.
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Mueller could not decide about the number of ovules (of which there are two in a

carpel) from the herbarium material available to him.

White (1930) did not mention anything regarding the systematic position of

Austromuellera trinervia White described by him, but quoted from a personal letter

from Dr. Diels, to whom he sent some flowering specimens. Diels wrote: "the new
Proteaceous tree collected by you in 1923 from Boonjie is a puzzle to me. I have seen

nothing like it. The inflorescence and flowers seem to be very similar to those of Orites

including Musgravea, but the leaves are extraordinary". The flowers in both Musgravea
and Austromuellera show three separate somewhat well-developed glands, the fourth

BUCKINCHAMIA

OPISTHOLEPIS

K NIC H 71A '' ^ ^^^

CARDWELUA \[qJI^*^C^^2Qi
HOLLANDAEA

34

Fig-. 34. Evolution within the tribe Telopeae.

one on the anterior side being suppressed. In this feature they differ from Macadamieae,

Grevilleae, Oriteae as well as the Banksieae. The only Proteaceous genus to show a

similar structure of the nectary is Lomatia belonging to Telopeae, a tribe characterized

by multiovulate carpels (c/. Fig. 2). The present studies have shown that the pollen

grains in both the genera are ellipsoidal and biporate (PI. xi, fig. 30) like those of

the Banksieae. However, Musgravea and Austromuellera differ from the Banksieae in

their lax racemose inflorescences (PI. xi, flgs. 29, 33), absence of bracteoles, presence

of pedicels and lateral peduncles, structural zygomorphy of the flower due to the

presence of three lobes for the nectary (Fig. 28) and also wood anatomy (Chattaway,

1948&). So they do not seem to be derived from the Banksieae. Since they do not

fit into any of the existing tribes, they are placed in a separate tribe for which the

"writer proposes the name Musgraveae because Musgravea is the earlier genus to be

reported. The paired arrangement of' the flowers, diagonal position of the perianth,

follicular fruits (PL xi, fig. 31), and winged seeds (PI. xi, fig. 32) in these genera
show that the tribe belongs to the Grevilloideae.

Emhothrieae: The tribe comprising all the genera with multiovulate carpels was
•originally named by Brown (1810) after the genus Embothrium. The Australian species
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that used to be called E. tvickhamii Is now referred to as Oreocallis wickhamii.

Embotlu-ium is a South American genus and has no Australian representatives. It is

unfortunate that a tribe with ten genera concentrated in Australia should be named
after a lone genus endemic in South America.

Brown (1867, p. 19) described the pollen grains in Evibothrium, coccineum Forst.

as oblong and biporate like those of Banksia. More recently Garside (1946) studied

the pollen development in this species and feels that biporate pollen is a characteristic

for this genus (two species) ; he observes: "no examples of Proteaceae are yet known
in which both 2-porate and 3-porate pollen occur in one genus or in one species

(dimorphic pollen)". The importance of the morphology of the pollen as a diagnostic

character can be appreciated by the fact that in the two very natural tribes, the

Banksieae and Musgraveae, it is characteristically biporate. Like several other features,

e.g., zygomorphy of the perianth, suppression of the nectary in the anterior sector and
development of pollen-collecting apparatus, the biporate pollen also seems to have

evolved homoplastically in the multiovulate and 2-ovulate sections of the Grevilloideae.

The presence of biporate pollen in Emhothrium necessitates the separation of the

genus from the Australian genera in which the pollen is triangular and triporate.

The writer proposes to give it a tribal status, and retain the name Embothrieae for it.

The Australian genera with the multiovulate carpels form a natural tribe for which

the writer proposes the name Telopeae. It would be fitting that this typically Australian

family should have one of its tribes named in honour of the floristic emblem of New
South Wales, Telopea, the waratah.

Telopeae: According to the present classification this tribe contains ten genera, of

which two {Lomatia and Oreocallis) are common to Australia and South America.

These have the common characters of multiovulate carpels and triangular triporate

pollen grains. The ovules show a characteristic method of development described

above (p. 264). In several genera the seed wing is samaroid and is reinforced by the

vascular bundle of the funicle. The haploid chromosome number in the genera so

far investigated {Stenocarpus, Lomatia and Telopea) is 11. Evolution within this tribe

according to the views of the writer is represented in Figure 34.

Conclusions.

The sum of cytological, morphological, anatomical and embryological evidence

points to the Persoonieae being the most primitive tribe of the family. From this

the remaining tribes of the Persoonioideae as well as the Grevilloideae seem to have

originated and evolved independently. Any resemblances between the tribes seehi to

be homoplastic. The evolution within the family, according to the views of the writer,

is represented in Figure 35.

The Proteaceous flower is essentially simple in structure and does not show any

vestigial organs or vestigial vascular traces for suppressed floral parts. Since the

nectary is not homologous to a reduced corolla, as Kausik (1941) thought, the

flower seems to be primitively monochlamydeous and not monochlamydeous by

reduction. A comparison of the flowers of Proteaceae and Thymelaeaceae shows that,

while the flowers in the former are typically tetramerous and tetracyclic, in

Thymelaeaceae they are not only more elaborate with more floral whorls, more members

in each whorl, but they also show a greater amount of connation and adnation of floral

organs and their traces and sometimes also signs of reduction (Heinig, 1951). There

is, therefore, little justiflcation for Hutchinson's (1946) view that the Proteaceae are

the advanced derivatives of the Thymelaeaceae. In fact, the Proteaceae seem to be

the simplest among the monochlamydeous angiosperms and therefore cannot be derived

irom any other family. Some specialization has no doubt occurred in the family at this

primitive level. However, it cannot be stated as a generalization that the Grevilloideae

are more advanced than the Persoonioideae. While the Grevilloideae show specialization

in structure of the inflorescence, presence of special methods of nutrition (e.g., endo-

sperm haustoria), follicular fruits and winged seeds, the Persoonioideae are more

advanced in showing reduction of the number of ovules to one per carpel, perigyny,
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zygomorphy of a high degree (c/. Conospermeae) and evolution of sexual systems like

partial male sterility, gynodioecy and dioecy.

The family Proteaceae is of great antiquity. There is reliable fossil record from

the Tertiary period (Cookson, 1950; Cookson and Duigan, 1950) and even some of the

living species seem to be in existence since then (c/. fruiting cones of Banksia ericifolia

from Victoria mentioned by Hooker, 1860). The authenticity of the fossils reported

from the northern hemisphere is still doubted (Good, 1953). The present-day distribution

of the family shows that it may have originated on the southern land masses and

have not left them; Camp (1947) believes this to be the case in several other angio-

spermous families. Bailey (1949) observed: "It is the living floras of the N. Australia,

New Guinea, New Caledonia, Fiji and adjacent regions northward to S. China that

have yielded and are continuing to yield the richest crop of missing links in the chain

of angiosperm phylogenies .... These living floras of southern latitudes have already

yielded more structurally primitive dicotyledons than have all the known fossil floras

of northern latitudes. Therefore I am inclined to question the assumption of a

northern origin for the angiosperms . . . ." The writer believes that the Proteaceae
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35. Evolution within the family Proteaceae.

constitute one such link between the hypothetical Proangiosperms and the mono-

chlamydeous families. It seems to be one of the primitive ancestral angiospermous

stocks that have evolved parallel to the Polycarpicae, Helobieae, Verticillateae, etc.,

from the Proangiosperms (c/. Fagerlind, 1947).

The concentration of the majority of the genera and species including the most

primitive members of the family belonging to nearly all the tribes in Australia shows

that this continent is probably the place of origin of the family. Though Western

Australia is richer in number of species, it shows fewer genera than eastern Australia

(16/500 vs. 33/225), and some tribes are not represented there (e.g., Oriteae and
Musgraveae). East Australia, on the other hand, has all the Australian tribes (except

Franklandieae) and a large number of monotypic endemics. This shows that the

family may have originated in E. Australia and spread to other lands. Its present

disjunct distribution in the tips of the southern continents may be due to continental

drift or long-range dispersals by way of a temperate Antarctic continent in the early

Tertiary times.

A fuller account dealing with the observations on the individual genera, affinities

of the family, its origin and the probable causes for the present-day disjunct distribution

will be published elsewhere.
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Synopsis of Classification.

Suh-family PERSOONIOIDEAE.
Flowers solitary In the axils of bracts ; perianth antero-posterior

;
pollen grains triporate

;

glands 4 free or ; ovules usually 2 or 1 per carpel, rarely numerous ; fruit usually indehiscent.

A. Pollen grains triangular :

1. Tribe Persoonieae : Perianth regular ; stamens quite free or slightly attached to the

base of the tepals ; all stamens usually fertile ;
glands 4 or ; ovules 2 or 1 per carpel,

orthotropous and pendulous.

Australian: Bellendena (n = 5), Persoonia (n = 7), Sytnphyonema {n - 10), Agastachys
(n - 13), Cenarrhenes (n = 14).

South African: Brabeium (n = 14).

Madagascar: Dilobeia.

New Caledonia : Beauprea, Garnieria.

2. Tribe Placospermeae : Perianth regular; stamens adnate to tepals; only posterior

stamen fertile ; flowers hermaphrodite or male by abortion ; glands 4 ; ovules numerous,
orthotropous ; fruit follicular, seeds with membraneous border.

Placospermuni (Australian )

.

3. Tribe Conospermeae : Perianth zygomorphic, bilabiate ; stamens adnate to tepals,

partially sterile ; fertile anther loculi connate ; glands ; ovule single orthotropous,

pendulous.
Conospernium (n = 11), Synaphea (Australian).

4. Tribe Proteeae : Perianth regular or zygomorphic, slightly connate at base ; stamens
adnate to tepals, all perfect or one sterile

;
glands 4 or ; ovules 2 or 1, pendulous

or lateral.

Australian section :

a. 8\ib-tribe Petropliileae : Flowers regular, hermaphrodite, in dense globose clusters

;

all stamens fertile ; anthers free ; glands ; ovule single, pendulous, orthotropous.
Petrophila (n = 13) ; Isopogon (n = 13).

b. Sub-tribe Stirlingeae : Flowers regular, in lax panicles; hermaphrodite or male by
abortion ; all stamens fertile, adjacent anther loculi connate ; glands ; ovule single

basal and anatropous.
Stirlingia.

c. Sub-tribe Adenantheae : Flowers somewhat zygomorphic, reflexed in bud, in few-
flowered involucral clvisters ; all four stamens fertile or one sterile ; anthers free ; glands
4 free ; ovule single, lateral, amphitropous.
Adenanthos.
African section includes 12 genera; position of these in sub-tribes needs to be
determined.

B. Pollen grains spherical

:

5. Tribe Franklandieae : Perianth regular forming a persistent tube, the lower part of

which is appendicular ; all stamens perfect, anthers adnate to tepals ; ovule single

orthotropous and pendulous.

Franklandia (Australian)

.

Sub-family 2. GREVILLOIDEAE.
Flowers in pairs in the axils of common bracts ; perianth regular or zygomorphic, antero-

posterior or diagonal to the bract ; pollen grains triporate or biporate ; frviits usually follicular ;

seeds 1, 2 or numerous, usually winged.

A. Ovules two per carpel,

(i) Pollen grains triporate.

6. Tribe Macadamieae : Perianth regular, antero-posterior or diagonal to the bract; glands
4 free or united into a cup ; style straight, simple ; ovary sessile, seeds wingless

or winged.
a. Siib-tribe Helicieae : Perianth antero-posterior. Helicia, Hicksbeachia, Xylotnehini
(11 = 14).

b. Sub-tribe Lanibertieae : Perianth diagonal to the bract. Latnbertia {n - 14), Maca-
damia (w = 14) and Euplassa (S. American).
The place of Carnarvonia (Australian), Heliciopsis (Malaysian), and Roupala and
Panopsis (S. American) in the sub-tribes depends on the position of the perianth.

7. Tribe Grevilleae : Flowers zygomorphic
;
perianth antero-posterior or diagonal to the

bract ;
glands 3 or 2 fused, those in the anterior sector being suppressed ; style curved

and stigma with pollen collecting apparatus ; ovary stipitate ; seeds winged.
a. Sub-tribe Gevuineae : Perianth antero-posterior. Gevuina.

b. Sub-tribe Hakeae: Perianth diagonal to the bract. Strangea, Grevillea (n = 10),

Hakea (n - 10).

The place of Kermadecia (New Caledonia) in the sub-tribe depends on the position

of perianth in the genus.

8. Tribe Oriteae : Perianth regular, antero-posterior ; glands 4, free ; style straight, simple

;

ovary with a tendency to become diagonal on the thalamus ; seeds winged.
Orites (n = 14, 15).
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(ii) Pollen grains biporate.

9. Tribe Banksieae : Flowers sessile, regular in dense cone-like clusters with persistent

bracts and bracteoles
; glands 4 free, membraneous or ; seeds winged.

Banksia (n = 14), Dryandra in = 14) (Australian).
10. Tribe Musgraveae: Flowers stalked, in lax racemose inflorescences; bracts inconspicuous,

deciduous ; bracteoles ; flowers structurally zygomorphic due to suppression of

anterior lobe of nectary; glands 3, somewhat prominent; seeds winged.
Musgravea, Austromuellera (Australian).

B. Ovules 4 or more per carpel,

(i) Pollen grains triporate.

11. Tribe Telopeae : Flowers regular or zygomorphic ; perianth antero-posterior or diagonal

to the bract ; glands 4 or fewer due to suppression in the anterior sector, free or fused ;

style with or without pollen collecting apparatus ; seeds 4 or more, winged ; wing-

membraneous and symmetrical, or samaroid.

a. Sub-tribe Hollandaeae : Perianth antero-posterior. Hollandaea, Cardwellia, Knightia,
Darlingia, Buckinghaniia, Ojnstholepis and Stenocarpus (n = 11).

b. Sub-tribe Lomatieae : Perianth diagonal to the bract. Lomatia (ii = 11), Telopea
(n - 11), Oreocallis.

(iii) Pollen grains biporate.

12. Tribe Embothrieae : Flowers zygomorphic; nectary semi-annular.

Embothrium (S. American).
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EXPLANATION OF PLATE XL
Figs. 29-32. Musgravea stenostachya F. v. M. 29, a branch with inflorescences ; 30, biporate

pollen grains; 31, a dehisced fruit; 32, a seed. Figs. 29, 31 and 32, about two-fifths natural
size ; Fig. 30, x 84.

Fig. 33. Aiistroinuellera trinervia White. About one-quarter natural size.
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INHERITANCE STUDIES WITH CERTAIN LEAF RUST RESISTANT VARIETIES
OF TRITICTJM VULGARE VILL.

By D. S. Athwal and I. A. Watson, Faculty of Agriculture, The University of Sydney.

[Read 28th August, 1957.]

Syno2}sis.

The results presented here are in continuation of those relating- to the mode of inheritance

of leaf rust resistance in Mentana. They have been obtained with the object of establishing-

a genie basis for various sources of resistance to leaf rust in Australia. Of the three wheat
varieties, Uruguay, Chinese Spring and Kenya 744, studied here, the first two appear to possess

identical factors for adult plant resistance. Uruguay has, in addition, a factor for physiologic

resistance and Kenya 744 another factor for moderate resistance to leaf rust. Three factors in

these varieties have been found to be conditioned at independent loci and are also non-allelic

to either of the two linked factors present in Mentana.

A number of wheat varieties possessing high resistance to leaf rust, Puccinia

triticina Erikss., in Australia have been employed as sources of resistance at the

University of Sydney in breeding programmes designed to evolve commercially desirable

rust resistant wheats. Uruguay 1064, Chinese White 1597 and Mentana 1124 are some
of the most outstanding sources of resistance to leaf rust. Kenya 744 is another variety

which offers resistance to only some of the races of leaf rust prevalent in Australia.

In continuation of inheritance studies with Mentana 1124, reported earlier (Athwal
and Watson, 1957) the present investigations were undertaken to determine the mode
of inheritance of the resistance in Uruguay, Chinese Spring and Kenya 744 and to

establish a genetic relationship among these three varieties and Mentana.

Literature Review.

Numerous workers have studied the mode of inheritance of leaf rust reaction in

different wheat varieties. The previous studies made with Uruguay, Chinese Spring

and Kenya 744 were, however, very limited and required further investigations in

greater details. Watson and Baker (1943) found that the resistance of Kenya 744 to

leaf rust race 95 was controlled by a single dominant gene and that this gene was
either the same or closely linked to the one which confers upon Kenya 744 resistance

to powdery mildew, Erysiphe graminis tritici El Marchal. On the basis of F, data

alone Macindoe (1948) suggested that the field resistance of Uruguay to leaf rust in

North America was dependent upon a single recessive factor in crosses with Charter,

a susceptible variety. Unrau (1950) observed that Chinese Spring and Federation
differed by one gene pair for their reaction to leaf rust.

Athwal and Watson (1957) found that resistance of Mentana in the glasshouse

as well as in the field was determined by two genes linked with a crossing over

value of 26-55 per cent. The two genes behaved as recessive in the seedling stage but

one of them showed reversal to a dominant condition at the mature plant stage.

Material and Methods.

Four leaf rust resistant varieties of Triticum vulgare, Uruguay 1064, Mentana 1124,

Chinese Spring 1806 and Kenya 744 were used in iniieritance studies. The varieties

carry the Sydney University accession numbers. The results pertaining to the mode
of inheritance of leaf rust resistance of Mentana in crosses with certain susceptible

parents have already been reported but those relating to crosses of Mentana with the

resistant varieties Uruguay, Chinese 'Spring and Kenya 744 are incorporated in the

present paper. The collection , of Mentana used in crosses here was the same as

studied and described by the authors in the earlier publication (Athwal and Watson,

1957). Brief descriptions of Uruguay, Chinese Spring and Kenya 744 are given below.

Proceedings of the Linnkan Society of New South Wales, 1957, Vol. Ixxxii, Part 2.
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Uruguay 106 Jr- The variety was obtained from the New South Wales Department
of Agriculture, the seed being introduced originally from Uruguay. The spike is

bearded, fusiform, mid-dense to dense; glumes glabrous, white; kernels light red,

mid-long.

Chinese Spring 1S06: Obtained from Dr. E. R. Sears, of the University of Missouri,

U.S.A. The spike is hooded, oblong, dense; glumes glabrous, white; kernels light red,

mid-long.

Kenya 744- Imported from Kenya Colony, East Africa, and its pedigree is

A.8.V.12.D (L) X Marquis (Athwal and Watson, 1954). The spike is half-awned, fusiform,

lax; glumes glabrous, white; kernels red, mid-long.

Uruguay and Chinese Spring were highly resistant to leaf rust in the field, whilst

Kenya 744 showed a varying amount of infection dependent upon the prevalence of

races to which it is susceptible. The reactions of these varieties and Mentana to

Australian races of leaf rust in the seedling stage and to a mixture of races in the

field during the years 1952 and 1953 are given in Table 1, the designations of races

being those given by Waterhouse (1952).

Table l.

Reactions of Wheat Varieties in the Seedling Stage to Different Races and in the Field to a Mixture of Races of Leaf Rust.

Seedlin I Reaction to Different Races. Field Reaction to

a Mixture of Races
Variety. During tlie Years

26 95 135AB 135BB 138AB 138BB 64 68
1952 1953

Uruguay .

.

R R R R R R S R R R
Chinese Spring .

.

. S S S S S S S S R R
Kenya 744 s MR MR s MR S s MR s MR
Mentana .

.

MR MR MR MR MR MR MR MR R R

R = resistant. MR = moderately resistant. — x = S = susceptible. 3&4.

Races 68, 135 and 138 are very similar and fall in the group UN12 when that

classification system is used. Race 64 is a member of the UN14 group of races, and
races 26 and 95 are included in UNIO.

The mode of inheritance of resistance was determined from a study of Fi, Fo and Fg

generations of crosses of resistant parents with a susceptible variety. The different

crosses studied are as under: Federation 107 x Uruguay; Kendee 1405 x Uruguay;
Federation 107 x Chinese Spring; Federation 107 x Kenya 744; Khapstein 1451 x Kenya
744; Kenya 117A 1347 x Kenya 744; (Federation 107 x Chinese Spring) x Federation 107.

The genetic relationship between various sources of resistance was determined from
a study of Fi, F, or Fg generations of the following crosses among resistant parents

or their reciprocal crosses: Uruguay x Mentana; Uruguay x Chinese Spring; Uruguay x

Kenya 744; Mentana x Chinese Spring; Mentana x Kenya 744; Kenya 744 x Chinese

Spring.

The following three-way crosses were also studied in the F^ and Fa generations to

supplement the data concerning comparative relationship between the factors for

resistance obtained from straight crosses: (Uruguay x Mentana) x Federation 107;

Federation 107 x (Uruguay x Mentana)
;
(Uruguay x Chinese Spring) x Federation 107;

(Mentana x Chinese Spring) x Federation 107.

In the field, the inheritance of resistance was studied at the University Farm,

Castle Hill, during the years 1952 and 1953 and at Richmond during the year 1953.

The physiologic race survey showed that rusts closely related to races 26, 95, 135AB,

135BB, 138AB, 138BB, 68 and 64 were naturally prevalent in the field. All races except

68 and 64 have already been recorded by Waterhouse (1952). Race 68 was isolated

from the field at Castle Hill, where it was quite commonly distributed during the

two years. It resembles race 138AB in its reaction on Webster, Gaza and Thew,

which differentiate the commonly found races of leaf rust in Australia, but it differs
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from the latter by its type 4 reaction on Carina, Brevit and Loros. Race 64 was
detected for the first time in December, 1951 (Athwal and Watson, unpublished) and

was never recorded before. It is referred to in this publication as UN14.

As there was practically no difference in the type of segregation in the material

at Castle Hill and Richmond the data from these places have been pooled and reported

together under experimental results.

In the glasshouse, material was tested with a pure culture of UN12 and the usual

technique of inoculation, incubation and recording reactions was adopted. The F,

classification for rust reaction was checked by testing F;, progenies of Fo individuals

representing different types of reactions. The Fg hybrid families with known seedling

reactions against UN12 were grown and tested in the field to obtain information on
the relationship of reactions at the two stages of growth.

In all cases random samples of segregating generations were employed for

inheritance studies.

The following classes were used to record leaf rust reactions:

Type of Infection on

Class of Reaction.

Highly resistant (B) .

.

Moderately resistant (MR)
Semi-resistant (SR)

Intermediate (Int)

Susceptible (S) .

.

Segregating (Seg)

Seedlings. Adult Plants.

5 per cent, infection.;
0-

; & 1, X =, X — 5-15 ,,

X, 2 15-30

X + 30-50

3, 4 A heavy infection ranging

from 50-100 per cent.

Segregating for the reactions of the resistant and
susceptible parents.

In arriving at a genetic interpretation of the results it was usually necessary to

group reaction types into resistant and susceptible classes.

Experimental Results.

The experimental data deal in the first instance with the mode of inheritance

of resistance to leaf rust of seedlings in the glasshouse and for adult plants in the

field. Consideration is then given to the relationship of the factors for resistance

shown by Uruguay, Chinese Spring and Kenya 744 with the factors present in Mentana.
The results obtained in the field and in the glasshouse are presented separately. As
Chinese Spring seedlings are susceptible to leaf rust, no glasshouse studies using this

source of adult plant resistance were made.

(a) Glasshouse Studies.

(i) With Uruguay 1064. The reaction of three F^ seedlings of the cross Federation x

Uruguay to UN12 showed that the resistance of Uruguay was dominant to the

susceptibility of Federation. In the F, generation of this cross approximately one-fourth

of the plants were susceptible and the rest gave a resistant reaction. The data on

Fo and F3 seedlings in Table 2 can be readily explained on the basis of one major

factor for resistance.

Table 2.

Reactions of F^ and F^ Seedlings of the Cross Federation x Uruguay to UN12.

Reaction to UNIS.

Resistant.

Segregating. Susceptible. Total

P Value for Ratios

(R).
(MR and

SR).
3:1 1:2:1

Parents

Fa plants

F3 lines

Uruguay
591

26

60

47

Federation

234

30

885

103

0-30-0 -50

0-50-0 -70
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The progenies of 124 Fo plants of the cross Federation x Uruguay, representing

different types of reaction in Table 2, were tested in the F3 generation against the

same race, and the Fj and F3 results are compared in Table 3.

Table 3.

The Breeding Behaviour of Seedling F3 Progenies of the Cross Federation x Uruguay Raised from F^

Plants Representing Different Reaction Types.

F3 Classification.

Resistant

(R).
Segregating. Susceptible. Total.

¥2 classification :

Resistant

:

(H)

(MR)
Susceptible

28 47

13

4 32

75

13

86

Total 28 64 32 124

The breeding behaviour of Fo plants giving the (MR) type of reaction shows that

they were all heterozygous. There were other heterozygous F2 plants, however, which
were as resistant as the homozygous ones. The resistant reaction of the (MR) type,

therefore, appears to be the combined effect of heterozygosity and certain modifying

genes. The data in Table 3 also show that four plants which were recorded as

susceptible but gave segregating Fg progenies had been wrongly classified in the F2

generation. These four plants were apparently heterozygous, and it can be expected

that under the influence of modifying genes they did not show high resistance and
were thus wrongly grouped with the susceptible class. The occurrence of semi-resistant

plants in the Fo generation of Federation x Uruguay cross has already been observed

in Table 2. The breeding behaviour of 124 Fo plants in Table 3 gives a good fit to a

1:2:1 ratio (P = 0-80-0-90) and confirms the presence of one major factor responsible

for Uruguay resistance in the seedling stage.

Counts were made of the resistant and susceptible plants in the 64 segregating

lines of Federation x Uruguay cross in Table 3. Of a total number of 1258 plants,

939 were resistant (790 R, 149 MR to SR) and 319 susceptible. These results fit a 3:1

ratio with a P value of 0-95-0-98, and support the previous conclusions.

The reaction of 74 F„ progenies of the three-way cross (Chinese Spring x Uruguay) x

Federation were studied, using UN12. Chinese Spring and Federation were susceptible.

As expected on the basis of a single factor for resistance in Uruguay, the observed

reactions of these progenies (38 susceptible and 36 segregating) showed a good agree-

ment to 1:1 ratio; the P value lies between 0-80 and 0-90.

(ii) With Kenya 744. UN12 was again used with this variety. The reaction of

Kenya 744 varied from (MR) at lower temperatures (60-0°-65-0°F.) to (SR) at higher

temperatures (75-0°-80-0°F.). Four F^s of the cross Federation x Kenya 744 were
found to be as resistant as Kenya 744, and the data on Fo and F3 generations of this

cross are given in Table 4.

Table 4.

Reactions of F^ Plants and F3 Lines of the Cross Federation x Kenya 744 to UN12 as Seedlings in the Glasshouse.

Resistant

(MR to SR). Segregating. Susceptible. Total.

P Value for Ratios

3:1 1:2:1

Parents

Federation x Kenya 744 F2S . .

Federation x Kenya 744 F3S . .

Kenya 744

349

33 52

Federation

128

23

477

108

0-30-0 -50

0-30-0 -50
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It is evident from Table 4 that a single dominant factor controls the resistance

of Kenya 744 to UN12. The reactions of 80 F^. lines of Federation x Kenya 744 cross

tested against UN12 and UNIO (race 95) showed that the same factor controls

resistance to both races. Watson and Baker (1943) found that a gene for resistance

to mildew, Erysrphe graminis tritici, in Kenya 744 was strongly linked to the gene

for resistance to race 95 on leaf rust. In confirmation of their results the mildew

reactions of the Fo plants and Fg lines in Table 4 indicated a strong linkage of the

genes for leaf rust and mildew resistance in Kenya 744.

Fo plants of the cross Federation x Kenya 744 representing resistant and susceptible

reactions to UN12 were transplanted in the field and their progenies were tested with

the same race in the next generation. The F, reactions and their F;, breeding behaviour

are compared in Table 5.

Table 5.

The Fa Breeding Behaviour of Susceptible and Resistant F« Plants of the Cross Federation x Kenya 744.

F3 Classification.

Resistant

(MR to SR).
Segregating. Susceptible. Total.

F, reactions :

Resistant (MR to SR) .

.

Susceptible

14 18

1 12

32

13

Total 14 19 12 45

Table 5 shows that all F, plants, except the one which was recorded as susceptible

and gave segregating F^ progeny, were classified correctly. The F3 data in this table

agree with a 1:2:1 ratio (P = 0-50-0-70) and confirms the presence of one dominant
factor in Kenya 744 for leaf rust resistance.

(b) Field Studies on Adult Plants.

(i) With Uruguay 1064. Race UN14 of leaf rust which is virulent on seedlings of

Uruguay was first found in the field in December, 1951. It is unable to attack adult

plants of Uruguay but Norka is susceptible to it in all stages of growth. This latter

variety is a suitable field indicator for the presence of UN14 since no other Australian

race is known to attack Norka.

Table 6.

Reactions to Leaf Rust in the Field of F« Plants and F3 Lines of Crosses between Uruguay (Resistant) and Federation and
Kendee (Susceptible).

Cross.

Resistant

(R, MR
and SR).

Segregat-

ing.

Suscept-

ible.

Total.

P Value for Ratios

Year. F„ 3:1
F3,

1:2:1.

E„, 15: 1

Ea.

7:8:1.

1952

1953

Federation x Uruguay Eo

Kendee x Uruguay E3 .

.

Federation x Uruguay F.

Federation x Uruguay F3

196

14

190

106

44

118

67

19

16

263

77

206

246

0-80-0-90

0-30-0-50

0-30-0 -.50

0-20-0-30

The hybrid material was tested during the years 1952 and 1953. In 1952, Norka
showed susceptibility in the field because abundant inoculum of UN14 was present.

Uruguay as well as Fi generation plants of its cross with Federation were resistant.

In the following year, however, Norka showed a maximum infection of only 5 per cent

and was classed as resistant. The Fo and F3 behaviour of crosses between Uruguay
and susceptible varieties are reported in Table 6.
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The F„ segregation of the cross Federation x Uruguay agrees with a 3:1 ratio

during 1952 and with a 15:1 ratio during 1953. It shows that, whereas one factor was

responsible for the resistance of Uruguay in 1952, two factors appear to explain the

results in 1953. The F., data in Table 6 on the crosses, Kendee x Uruguay and

Federation x Uruguay, also support these conclusions.

The difference in the F., and F3 segregations of crosses between Uruguay and

susceptible varieties during the two years can be explained on the basis of differences

in race distribution. Uruguay apparently possesses two dominant factors for leaf rust

resistance, one factor for mature plant resistance against all races present in the field,

and another factor for seedling resistance which was operative against all races except

UN14. In the year 1952 notes were taken in the field on 124 F. plants of the cross

Federation x Uruguay which had been tested previously in the glasshouse against UN12
and it was found that leaf rust reactions at the two stages were not related. There

were plants which showed resistance in the seedling stages but susceptibility in the

field, and there were others which behaved in a reverse fashion. The 1953 field reactions

of 210 Fg lines of the same cross, however, showed that almost all the lines which had
been resistant in the glasshouse were also resistant in the field, and in addition some
of the lines which had been segregating or susceptible in the glasshouse developed

resistance at the mature plant stage. The data on the Fo plants and F.. lines are

presented in Table 7.

Table 7.

Comparison of Seedling aitd Field Reactions of F., Plants of the Cross Federation x Uruguay in 1952 and F3 Linfs of the

Same Cross in 196-3.

Field Reactions.

Seedling Reactions.
Resistant

(R).

Semi-resistant.

(SR and Int).
Segregating. Susceptible. Total.

F., plants (1952) :

Resistant (R and MR) 37 37 — 18 92

Susceptible .

.

9 13 — 10 32

Total 46 50 — 28 124

E3 lines (1953) :

Resistant (R) 44 — 3 — 47

Segregating 34 — 66 4 104

Susceptible .

.

14 — 28 17 59

Total 92 — 97 21 210

Four of the 124 F^ plants of Federation x Uruguay cross which were shown by

progeny tests to have been wrongly classified for seedling reaction (Table 3) have

been appropriately grouped with the resistant class in Table 7. These plants proved

to be semi-resistant to leaf rust in the field.

The Fo data in Table 7 show that field resistance of Uruguay in the presence of

UN14 during 1952 was governed by a single factor inherited independently of the one

responsible for the seedling resistance. If the plants giving (SR) and (Int.) types

of reaction in the field are grouped with the resistant ones, the results agree with

a 9:3:3:1 ratio (P = 0-50-0-70).

The Fg data in Table 7 show that the factor for seedling resistance in Uruguay

was also capable of conferring resistance in the field, evidently due to the scarcity

of UN14 inoculum in 1953. Three lines which were resistant in the seedling stage

but segregating in the field and four lines which were segregating in the seedling

stage but susceptible in the field had shown unexpected behaviour. Chance or

environment can account for this discrepancy. The rest of the data agree with

4:6:2:1:2:1 ratio as expected on the basis of independent segregation of the two factors

controlling Uruguay resistance. The P value for the goodness of fit is nearly 0-30;

It is logical to assume from the foregoing results that one and the same factor

in Uruguay which gives high seedling resistance to UN12 also conditions resistance
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against all other races prevalent in the field except UN14 and it also appears that

Uruguay and Norka have this factor in common.

(ii) With Chinese Spring 1806. Chinese Spring is resistant (R) to leaf rust only

at the mature plant stage. The inheritance studies were therefore carried out in the

field. The resistance was dominant, as shown by the field reaction of five F^ plants of

the cross Federation x Chinese Spring. The reactions of Fo plants and F3 lines of this

cross and F^ plants of the backcross (Federation x Chinese Spring) x Federation are

contained in Table 8.

Table 8.

Field Reactions of F^ Plants and F3 Lines of the Cross Federation x Chinese Spring and of F^ Plants of the Backcross

(Federation x Chinese Spring) x Federation.

Reactions.

Parents or Cross. Resistant.

Segregating. Susceptible.

(R). (MR to SR).

Parents

Federation x Chinese Spring F.

Federation x Chinese Spring F3

(Federation x Chinese Spring) x

Federation Fj

Chinese Spring

574

5.3

20

82

116

Federation

194

53

16

850

222

36

P value for the agreement of the F. data to a 3:1 ratio lies between 0-10 and 0-20.

P value for the agreement of the F, data to a 1:2:1 ratio lies between 0-80 and 0-90.

P value for the agreement of the backcross data to a 1:1 ratio lies between 0-50 and 0-70.

The data in Table 8 show that a single dominant factor governs the mature plant

resistance of Chinese Spring.

(iii) With Kenya 744. Kenya 744 was susceptible in the field to a mixture of

races in the year 1952 because of the overwhelming presence of UN14 and other races

capable of attacking this variety. In the year 1953, however, Kenya 744 showed from

5 to 15 per cent infection and it was possible to study the Fo segregation in crosses

between Kenya 744 and certain fully susceptible varieties. The data on two such

crosses are presented in Table 9.

Table 9.

Field Reactions of F, Plants of Crosses Between Kenya 744 {Resistant MR) and Khapstein 1451 and Kenya 117A
(Susceptible).

Field Reactions.
P Value for

Resistant. Susceptible. Total.
3 : 1 Ratio.

Khapstein 1451 x Kenya 744 F™

Kenya 117Ax Kenya 744 F 2

352

255

117

76

469

331

0-95-0-98

0-30-0-50

The results indicate that Kenya 744 carries a single dominant factor for moderate
resistance in the field.

The data on the inheritance of rust reaction of Kenya 744 in the field were obtained

with the particular object of providing the necessary link to field studies on the genetic

relationship of resistance possessed by different varieties. It was possible to make this

study in 1953 when the Kenya 744 was moderately resistant in the field.

The field reactions on genetical material originating from Uruguay, Chinese Spring

and Kenya 744 show that the varieties fall into different categories. Uruguay has two
dominant factors. One operates throughout life against all known Australian races

except UN14; the second is effective only in the adult plant stage but shows a
comprehensive resistance to all Australian races. Chinese Spring has a single factor
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which is only effective in the adult plant stage and gives resistance to all known
Australian races. Kenya 744 reacts in a differential way. To some races it is

susceptible, to others highly resistant. Resistance to these latter appears to be controlled

by a single factor.

(c) Genetic Relationship of the Factors Controlling Resistance.

In order to study the relationship between the factors controlling the resistance

to leaf rust in the different parents the following diallel crosses were made: Uruguay x

Montana; Uruguay x Chinese Spring; Uruguay x Kenya 744; Mentana x Chinese Spring;

Mentana x Kenya 744; Chinese Spring x Kenya 744.

These crosses, where appropriate, were tested both in the glasshouse with UN12
and in the field to a mixture of races. As this particular study was done in the field

in the summer of 1953 when UN14 was present only in traces, the two dominant factors

in Uruguay operated. Chinese Spring behaved in the usual way and Kenya 744 was
moderately resistant since few races developed that could attack it. This resistance

of Kenya 744 in the adult stage to specific races is controlled by the same gene that

gives seedling resistance to those same races.

Table 10.

Seedling Reaction of F. Plants of Various Crosses to UN12 and Adult Plant Reaction to a Mixture of Races in the Field.

Fo Reactions.

Cross.
Giassliouse

or Field.

Resistant

(Rand MR).

Susceptible.

Total.

(SR). (Int). (S).

Uruguay x Mentana Glasshouse. 615 59 21 40 735

,, ,, . Field. 217 1 — — 218
Blentana x Uruguay Glasshouse. 78S 62 30 47 927

,, ,, Field. 976 13 — 4 993
Uruguay x Chinese Spring Field. 1082 — — — 1082

Chinese Spring x Uruguay Field.

Giassliouse.

1251 — —
44

1251

Uruguay x Kenya 744 792 836

,, ,, Field. 768 5 — 8 781

Mentana x Chinese Spring Field. 1070 38 — 12 1120

Chinese Spring x Mentana Field. 1541 50 — 16 1607

Mentana x Kenya 744 Glasshouse. 874 56 32 69 1031

Chinese Spring x Kenya 744 Field. 680 40 — 44 764

An attempt was made to compare the resistance of the varieties used in this

study with that of Mentana in which the resistance is known to depend on two genes

linked with a crossing over value of 26-55 per cent (Athwal and Watson, 1957). These

two genes were designated as Mti and mto. Each of the genes behaves as a recessive

in the seedling stage but Mt^ shows a reversal to a dominant condition in adult plants.

The data on Fa reactions of various crosses among resistant varieties in the glass-

house to UN12 and in the field to a mixture of races are summarized in Table 10.

Uruguay x Mentana: Two Fi plants of the cross Uruguay x Mentana and seven of

its reciprocal cross were found to be resistant in the glasshouse to UN12 and in the

field to a mixture of races. The seedling reaction of Uruguay (R) proved to be

epistatic to that of Mentana (MR).

As reported in Table 10, 735 Fo seedlings of the cross Uruguay x Mentana and

927 F, seedlings of its reciprocal cross were tested against UN12 in the glasshouse.

Both the crosses showed similar behaviour and approximately 8 per cent of the plants

were susceptible in each case. According to the results obtained from crosses between

Mentana and susceptible varieties (Athwal and Watson, 1957) the proportion of resistant

plants in the Fj generation showed a considerable variation when different susceptible

parents were used. The F. segregation of crosses between Uruguay and Mentana,

therefore, cannot be fitted to any definite ratio because little is known of the action

of Mentana genes for resistance in this particular genetic background. It can be
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concluded, however, that each of the two genes for resistance in Mentana is non-allelic

to the gene for seedling resistance in Uruguay.

Two hundred and thirty-eight Fg lines of the cross Uruguay x Mentana were tested

in the seedling stage with UN12 and six of them were found to be homozygous

susceptible. If the single gene for seedling resistance in Uruguay is inherited

independently of the two genes in Mentana linked with a cross-over value of 26-55

per cent, the number of homozygous susceptible Fg lines expected in a cross between

these two varieties would be | x 13-5 = 3-4 per cent. The observed data (232 resistant

or segregating and six susceptible) agree with the expected and the P value for the

goodness of fit lies between 0-30 and 0-50.

Twenty-nine F^ plants of the three-way cross Federation x (Uruguay x Mentana)

and 98 Fi plants of the three-way cross (Uruguay x Mentana) x Federation were tested

in the field. The leaf rust reaction in the Fi generation of these crosses would be

dependent upon three dominant genes, two genes being contributed by Uruguay and

one by Mentana. The field data are presented in Table 11 and the P value for agreement

between the observed and expected is also calculated. The numbers of resistant and

susceptible plants in each of the two three-way crosses agree with a 7:1 ratio.

These results, therefore, show that the factor for adult resistance possessed by Uruguay

is inherited independently of the Mt^ factor in Mentana exhibiting reversal to

dominance at the mature plant stage.

Table 11.

Reactions of Fi Plants of the Three-icay Cross Federation x ( Uruguay x Mentana) to Leaf Rust in the Field.

Field Reactions.

Resistant.

Susceptible. Total.
P Value for

R. SR.
7 : 1 Ratio.

Federation x (Uruguay x Mentana)

(Uruguay x Mentana) x Federation

F,

24

86

1

3

4

9

29

9S

0-80-0 -90

0-30-0 -.50

The field data on the rust reaction of 993 F, plants of the cross Mentana x Uruguay
given in Table 10 show that four plants were fully susceptible. These results further

indicate that neither of the Mentana genes Mti and mtg is allelic to the factors for

adult plant resistance and seedling resistance in Uruguay. The proportion of the

susceptible plants observed is, however, less than that expected on the basis of

independent segregation of the Mentana genes from the two factors present in Uruguay.

Uruguay x Chinese Spring: Eight Fi plants of the cross Uruguay x Chinese Spring
and nine F^ plants of its reciprocal cross were resistant in the field and no susceptible

segregate was observed in an F„ population of 1082 plants of the cross Uruguay x Chinese
Spring and 1251 plants of its reciprocal cross. The F, progeny of each F^ plant showed
segregation for morphological characters. From these data it can be concluded that

the factor for adult plant resistance in Chinese Spring is allelomorphic to one of the

two factors in Uruguay, apparently the one controlling adult plant resistance. Additional
evidence to this conclusion was offered by the complete absence of susceptible plants
in the field among 118 F^ plants of the three-way cross (Uruguay x Chinese Spring) x
Federation.

Uruguay x Kenya Uiif-. The reaction of six Fi plants of the cross Uruguay x Kenya 744

to UN12 showed that resistance of Uruguay (R) was epistatic to the moderate resistance

of Kenya 744 (MR).

Notes for rust reaction in the field were taken on 781 Fo plants of this cross,

773 plants were resistant (768 R and MR, 5 SR) and 8 were susceptible (Table 10).

The data agree with the expected ratio of 63:1 and the P value for the goodness of fit

lies between' 0-20 and 0-30. Of the 836 seedlings of the same cross tested with UN12,
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792 were resistant (R, MR and SR) and 44 susceptible (Table 10) and the data as

expected show agreement with a 15:1 ratio (P - 0-20-0-30). These results indicate

that each of the two factors in Uruguay is inherited independently of the one present

in Kenya 744.

Kenya 744, in addition to being resistant to UN12 of Picccinia triticina, was also

resistant to a race of Erysiphe graminis tritici present in the glasshouse. Watson and

Baker (1943) did not find any crossing over between the gene for resistance to mildew

and the one controlling resistance to leaf rust race 95 in Kenya 744. One and the

same gene in Kenya 744 has been shown to condition resistance against leaf rust races

UNIO and UN12.
One hundred and ninety-two Pj lines of the cross Uruguay x Kenya 744 were tested

in the seedling stage against UN12. After reactions to leaf rust had been recorded,

pots were left for mildew infection and notes were later taken on the breeding

behaviour of these lines against mildew. As the gene for leaf rust resistance and the

one for mildew resistance are strongly linked, the data on mildew reaction were helpful

in elucidating the genetic constitution of different F3 families, with respect to leaf

rust reaction.

Table 12.

The Genotypes of 192 F3 Lines of the Cross Uruguay x Kenya 744 Assigned on the Basis of Leaf
Rust and Mildew Reactions.

Different Reaction to Leaf Reaction to Observed Expected
Genotypes. Rust Race 68. Mildew. Frequency. Frequency.

Ugi, Ug. Kbs, Kbs R. Resistant. 16 12

Ug„ Ugi Kbs, kba R. Segregating. 20 24

Ugi, ugi, Kb3, Kb, (R, 3IR and SR). Resistant. 21 24

Ugi, ugi. Kb,, kba (R, MR and SR)
or Segregating. 47 48

(R, MR, SR and S).

Ug„ Ugi kbs, kba (R). Susceptible. 14 12

Ugi, ugi. kb,, kbj (R and S) or

(R, MR and S). Susceptible. 24 24

ugi. ugi. Kb3, Kba (MR and SR). Resistant. 15 12

ugi, ug,. Kb3, kb3 (MR, SR and S). Segregating. 26 24

ugi, ugi. kb3, kbg (S). Susceptible. 9 12

192 192

If the gene for seedling resistance in Uruguay is designated as Ugi and the one

for leaf rust resistance in Kenya 744 is designated as Kba, all the possible genotypes

of Fg lines for leaf rust reaction can be assorted as shown in Table 12.

The observed and expected frequencies in Table 12 agree very well (P =: 0-90-0-95)

and provide further evidence for the independent inheritance of the seedling reactions

of Uruguay and Kenya 744 to UN12 of leaf rust.

Mentana x Chinese Spring: The crosses between Mentana and Chinese Spring were

studied in the field. The reactions of 1120 F, plants of the cross Mentana x Chinese

Spring and 1607 F2 plants of its reciprocal cross showed that approximately 1 per cent

of the plants were fully susceptible (Table 10). On the basis of two linked genes in

Mentana and one gene in Chinese Spring 23-24 x i = 5-8 per cent of the plants are

expected to show a susceptible reaction. There is apparently a shortage of susceptible

segregates. A lack of susceptible plants was also observed in the Mentana x Uruguay

cross. It is, however, quite clear from the results that each of the two Mentana genes

is non-allelic to the factor for mature plant resistance in Uruguay and Chinese Spring.

The possibility of a genetic linkage between the Mentana gene mt, and the mature

plant factor in Chinese Spring or Uruguay cannot be excluded from the present data.

Observations were also made on 142 F^ plants of the cross (Mentana x Chinese

Spring) X Federation for reaction to leaf rust in the field. One hundred and eleven

plants were resistant (98 R, 13 SR) and 31 were susceptible. The results agree with
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a 3:1 ratio as expected (P = 0-30-0-50) and show that the dominant gene of Mentana

(Mti) is inherited independently of the adult plant factor in Chinese Spring.

Mentana x Kenya 744: Fi, F. and Fg generations of this cross were studied in

the glasshouse against UN12, to which both the parents were moderately resistant.

Eight Fi seedlings of the cross Mentana x Kenya 744 and 12 F^ seedlings of its

reciprocal cross gave a resistant reaction like Kenya 744 against UN12. As recorded

in Table 10, 32 plants intermediate for rust reaction and 69 susceptible were obtained

in an Fa population of 1031 plants of this cross. The data show that the Kenya 744

gene for leaf rust resistance is not associated with either of the two genes in Mentana.

Two hundred and twenty-one F, families of the cross Mentana x Kenya 744 were

tested against UN12 and eight of them were found to be homozygous susceptible.

If Mentana is assumed to possess two linked genes, each of which is inherited

independently of the gene in Kenya 744, the observed Fj data show perfect agreement

with the expected.

Sixty-eight Fi seedlings of the three-way cross (Mentana x Kenya 744) x Federation

were inoculated with UN12. The numbers of resistant and susceptible plants were

respectively 37 and 31, and these agree with a 1:1 ratio (P - 0-30-0-50) as expected

on the basis of a single dominant factor in Kenya 744 and recessive genes for resistance

in Mentana. All the 37 plants resistant to leaf rust were also resistant to mildew.

The 68 Fi plants were transplanted in the field and it was found that, in addition to

3.7 plants which were also resistant in the glasshouse, 14 more showed resistance in

the field, evidently due to the action of the dominant Mentana gene Mti. Only 17 of

the 68 plants were susceptible in the field. The results (37:14:17) agree with the

expected ratio of 2:1:1 (P = 0-50-0-70) and show that the Mentana gene Mti is inherited

independently of the Kenya 744 gene for leaf rust resistance.

Chinese Spring x Kenya Uflf: Chinese Spring was resistant (R) and Kenya 744

was moderately resistant (MR) in the field. Seven hundred and sixty-four F, plants

of a cross between the two varieties were tested in the field (Table 10) and 44 of them
were found to be susceptible. P value for an agreement of the observed data to a

15:1 ratio lies between 0-50 and 0-70. The results confirm the conclusions drawn earlier

from a field study of the cross Uruguay x Kenya 744 and show that the factor for

leaf rust resistance in Kenya 744 is inherited independently of the locus conditioning

the mature plant resistance in Chinese Spring and in Uruguay.

Discussion.

The results of inheritance studies with Uruguay show that this variety, in addition

to physiologic resistance, possesses adult plant resistance against all races of leaf

rust prevalent in Australia. The resistance in each case was determined by a single

dominant factor. The factor controlling the physiologic type of resistance was operative

against all races except UN14. When this latter race was present in sufficient pro-

portions, the field resistance of Uruguay was governed by a single factor, otherwise two
factors appeared to control its resistance in the field.

Macindoe (1948) reported that the field resistance of Uruguay in crosses with

Charter was dependent upon a single recessive factor when leaf rust races from North
America were used. The present studies, however, show that the single factor for

field resistance of Uruguay was dominant in the Fi generation of the cross Federation x

Uruguay, but in the F, generation a number of plants from the resistant class (Table 7)

did not equal the high resistance of Uruguay. As a matter of fact, an absolute

dominance of a particular type of rust reaction seems to be rare. Even when resistance

is completely dominant in the Fi generation of a cross, some F^ plants with resistance

lower than the resistant parent are commonly found in the F.. generation. The F,

breeding behaviour shows that such plants are heterozygous. It appears, therefore,

that minor genes with a cumulative effect are capable of modifying the dominant
condition. The single factor for the adult plant resistance of Chinese Spring, allelo-

morphic to the one present in Uruguay, has also been found to be dominant and this

accords with the results obtained by Unrau (1950).
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The moderate resistance of Kenya 744 to UN12 in the glasshouse as well as to a

mixture of certain races in the field has been found to be dependent upon a single

dominant factor. As reported by Watson and Baker (1943), the results obtained here

show that the factor for resistance to UN12 in Kenya 744 was strongly linked with

the gene for mildew resistance present in this variety.

The genetic similarity of mature plant resistance in- Uruguay and Chinese Spring

is one of the significant features of the results presented. Chester (1946) quoted that

a resistant Chinese wheat was used in Argentina in 1926 to produce suitable leaf rust

resistant varieties. The wheat variety Uruguay used in present studies was originally

obtained from Uruguay, a country in the same geographical area as Argentina. From
the results reported here, it seems reasonable to presume that the factor for mature
plant resistance possessed by Uruguay was actually transferred from a strain related

to Chinese Spring, and that the two varieties, therefore, do not constitute genetically

diverse sources for mature plant resistance to leaf rust.

The results of comparative studies with crosses among resistant varieties show
that the factor for seedling resistance in Uruguay, the factor for mature plant resistance

in Uruguay and Chinese Spring, the two linked factors in Mentana and the single

factor in Kenya 744 were conditioned at independent loci. On the basis of the results,

the four resistant varieties and susceptible Federation can be assigned the following

genetic formulae:

Uruguay: Ugi Ugi Cw^ Cw^ mti mt^ Mt^ Mt^ kbg kbs.

Mentana: ugi ugi cwj cwi Mti Mtj mt, mt, kbs kb.

Chinese Spring: ugi ugi CWi Cwj mt^ mti Mt, Mto kbs kbj.

Kenya 744: ugi ugi cwj cWi mti mti Mto Mta Kbg Kbg

Federation: ugi ugi cWi cWi mti niti Mto Mto kbs ^W

The gene symbols have been derived from the name of variety in which that gene

was found. The factor for mature plant resistance in Uruguay has been designated as

CWi as it appears to be identical with the one present in Chinese Spring and this

latter appears to have the same resistance as was found first in Chinese White 1597.

The symbol Kb was suggested by Athwal and Watson (1954) for stem rust resistance

genes in Kenya 744 and the same symbol with a different numerical subscript has been

used here for the gene controlling leaf rust resistance in this variety.

The gene or genes which differentiate a resistant variety from the susceptible

Federation, have been underlined in the genetic formula assigned to the four resistant

.varieties. When the genie basis of a large number of varieties is established, the

roirpgrative relationship between different resistant varieties could be more conveniently

indicated in the form of a table as shown by Athwal and Watson (1954) in case of

stem rust resistant varieties.

As the resistance of a number of wheat varieties carried under different names may
sometimes be dependent upon one and the same gene, it is desirable that a genie basis

should be established for each of the numerous sources of resistance. Such information

will undoubtedly enable the plant breeder to plan and carry out his work more

efficiently.
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Synopsis.

Physical properties of the surface of a water container, namely texture, reflectance, an^
the presence of either a free water surface or a moist, porous surface, influenced its

selection as an oviposition site by A. alhopictus and A. scutellaris katherinensis. Both species

preferred free water surfaces, rough textures and low reflectances.

When the interaction of these properties was studied, both species preferred a free water
surface of low reflectance to a smooth, moist, porous surface of higher reflectance, but these

preferences were reversed by alterating the textures of the moist, porous surface from
smooth to roug-h. However, when reflectance and texture were studied together, a black,

smooth surface was equally preferred by A. scutella-iis katherinensis to a grey, rough surface,

but the grey, rough surface was preferred by A. alhopictus.

It was concluded that the similar oviposition behaviours of both A. alhopictus and
A. scutellaris katherinensis were correlated with their similar larval ecology.

Introduction.

Aecles scutellaris scutellaris (Walker) and Aedes aegypti L. have both been shown
to be influenced in the selection of an oviposition site by the physical properties of

the surface of the water container, namely its texture, reflectance and the presence

of either a free water surface or a moist, porous surface (O'Gower, 1955, 1957). The
influence of some of these physical properties has also been studied for other mosquito

species (Beckel, 1955; Wallis, 1954a), and the results of experiments on the two
following species are presented in this paper. Aedes scutellaris katherinensis Woodhill,

which, being incompletely genetically isolated from A. scutellaris scutellaris (Woodhill,

1949, 1950), presumably breeds in similar situations, that is, in tree-holes, etc., and
Aedes alhopictus (Skuse), which occupies a similar ecological niche to A. scutellaris

scutellaris, but has a different geographical distribution (MacDonald, 1956; Penn, 1947).

Methods.

Colonies of A. scutellaris katherinensis and A. alhopictus* were maintained in a

controlled temperature and humidity room (Backhouse and O'Gower, 1956) and the

mosquitoes given a choice between two oviposition sites, the surfaces of which varied

in texture (smooth or rough), reflectance (black or grey), and the presence of either

a free water surface or a moist, porous surface. (For full details of experimental

procedure see O'Gower, 1957.)

Results.

1. Comparison hetween free water and a moist surface.—In experiments 1 and 2

the mosquitoes were given a choice between two oviposition sites of equal reflectance.

One had a free water surface, the other a smooth, moist, porous surface. Both

A. scutellaris katherinensis and A. alhopictus preferred the free water surface (Table 1).

2. The effect of reflectance.—In experiments 3 and 4 the choice offered was between

two oviposition sites whose surfaces were smooth but with different reflectances. The
preferences of both species were inversely related to the reflectances (Table 1).

* The laboratory colonies of A. scutellaris katherinensis and A. alhopictus were derived

from mosquitoes collected respectively at Batchelor, Northern Territory, Australia, arid at

Singapore.

Proceedings of the Linnean Society of New South Wales, 1957, Vol. Ixxxii, Part 3.
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3. The effect of texture.—In experiments 5 and 6 the choice was between two

water containers, of equal reflectance; one had a rough surface, the other a smooth

one. The rough surface was preferred by both species to the smooth one, but the

preference of A. albopictus was greater than that of A. scutellaris katherinensis

(Table 1).

Table 1.

The Influence of Water, Reflectance and Texture on Oviposition by A. albopictus and A. scutellaris katherinensis.

Mean
Experi- Species. Surface. Percentage Number Percentage Variance. Number/of

ment Reflect- of Eggs of Eggs Replicates.

Number. ance.* Deposited. Deposited.

1 A. albopictus Free water. 7 15,515 78 183 7

Moist porous. 7 4,102 22 — —
2 A. s. katherinensis Free water. 7 12,395 54 48 7

Moist porous. 7 10,448 46 — —
3 A. albopictus Black. 3 11,467 63 3-3 7

Grey. 7 6,949 37 — —
4 A. s. katherinensis Black. 3 11,016 69 26 7

Grey. 7 4,920 31 —
5 A. albopictus Rough. 3 12,354 71 17 7

Smooth. 3 5,232 29 — —
6 A. s. katherensis Rough. 3 8,019 61 29 7

Smooth. 3 5,268 39 • —

* In this and subsequent tables the percentage reflectance was measured by a General Electric spectrophotometer

at a wave-length of 555 millimicrons.

4. The combined effects of reflectance and free water or a moist surface.—In

experiments 7 and 8 the choice was between a free water surface with a black back-

ground and a grey, smooth, moist, porous surface. Both A. albopictus and A. scutellaris

katherinensis preferred the water surface, the preference of the latter being slightly

less than that of the former (Table 2)

Table 2.

The Influence of Water and Reflectance Combined on Oviposition by A. albopictus and A. scutellaris katherinensis.

Mean
Experi- Species. Surface. Percentage Number Percentage Variance. Number of

ment Reflect- of Eggs of Eggs Replicates.

Number. ance. Deposited. Deposited.

7 A. albopictus Black, free water.

Grey, moist.
3 15,909 79 86 7

smooth, porous. 7 4,384 21 — —
8 A. s. katherinensis .

.

Black, free water.

Grey, moist.
3 10,751 73 60 7

smooth, porous. 7 4,123 27 — —

•

5. The combined effects of texture and reflectance.—In experiments 9 and 10 the

choice offered was between a black, smooth surface and a grey rough surface. Both
surfaces were equally preferred by A. scutellaris katherinensis, but A. albopictus

preferred the black, smooth surface* (Table 3).

6. The combined effects of texture, reflectance and free water or a moist surface.—
In experiments 11 and 12 the choice was between a free water surface with a black

background and a grey, rough, moist, porous surface. Both species preferred the

grey, rough, moist, porous surface (Table 4).
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DiSCXTSSION.

A. alhopictus larvae occur in tree-holes and artificial containers (MacDonald, 1956).

Such a larval habitat resembles that of A. scutellaris scutellaris (Penn, 1947). As
A. scutellaris katherinensis is closely related to A. scutellaris scxitellaris (Woodhill,

1949, 1950) and thus presumably breeds in similar situations, then the like oviposition

behaviours of both A. albopictus and A. scutellaris katherinensis, particularly with

Table 3.

The Influence of Texture and Reflectance Combined on Oviposition by A. albopictus and A. scutellaris katherinensis.

Mean
Experi- Species. Surface. Percentage Number Percentage Variance. Number of

ment Reflect- of Eggs of Eggs Replicates.

Number. ance. Deposited. Deposited.

9 A. albopictus Black smooth. 3 17,926 66 12 7

Grey rough. 6 9,299 34 — —
10 A. s. katherinensis Black smooth. 3 7,226 49 3 7

Grey rough. 6 6,799 51 —

regard to texture, is correlated with their similar larval habitats. A. scutellaris

scutellaris also has a similar oviposition behaviour to the above (O'Gower, 1956), and
Wallis (1954a) showed that Aedes polynesiensis Marks, whose larvae are also found

in tree-holes (Jackowski, 1954), was more influenced by the texture of the surface of

the water container than was A. aegypti. He suggested that such behaviour could be

important in influencing the selection of an oviposition site by A. polynesiensis.

However, the oviposition behaviour of A. aegypti was found to be only slightly

influenced by texture (O'Gower, 1957), but this was correlated with its different larval

distribution (O'Gower, 1956). Finally both Aedes campestris Dyar and Knab, which

Table 4.

The Influence of Water, Texture and Reflectance on Oviposition by A. albopictus and A. scutellaris katherinensis.

Mean
Experi- Species. Surface. Percentage Number Percentage Variance. Number of

ment Reflect- of Eggs of Eggs Replicates.

Number. ance. Deposited. Deposited.

11 A. albopictus Black free water.

Grey moist, rough,

3 14,147 41 43 7

porous. 7 19,759 59 —
12 A. s. katherinensis Black free water.

Grey moist, rough,

3 13,830 41 24 7

porous. 1 18,617 59 ~ "

breeds in open, shallow, ground-pools, and Aedes hexodontis Dyar which breeds in

shallow, marshy pools, are also influenced in the selection of an oviposition site by

the surface of the water container, although they have an entirely different larval

ecology to the above species (Beckel, 1955).

It would therefore appear that many factors of the environment influence the

selection of an oviposition site by different mosquito species, and those species whose

larvae occur in tree-holes, artificial containers, and open waters of a temporary

nature seem to be influenced by the physical properties of the surface of the water

container (Beckel, 1955; O'Gower, 1955, 1957; "Wallis, 1954a). Salinity and organic

pollution may also affect the oviposition behaviour of some of these species (Buxton

and Hopkins, 1927; Manefield, 1951; "Wallis, 19546; Woodhill, 1941). Those species,

however, whose larvae are commonly found in open water of a more permanent nature,

such as swamps, marshes, rice-fields, and edges of streams, etc., appear to be infiuenced
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in their ovipositioii behaviour by such chemical and physical properties of the water

as reflectance (Lund, 1942), salinity (Wallis, 1954?;), temperature (Hecht, 1930), pH
(Lund, 1942), organic pollution (de Zulueta, 1950), shade (Thompson, 1940) and

emergent vegetation (Russell and Rao, 1942).
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NOTES ON THE MORPHOLOGY AND BIOLOGY OF A NEW SPECIES OP
GHALYB080MA (DIPTERA, TABANIDAE).

By Kathleen M. I. English, Department of Zoology, University of Sydney;

I. M. Mackerras, Queensland Institute of Medical Research, Brisbane;

and A. L. Dyce, Wildlife Survey Section, C.S.I.R.O., Canberra.

(Plate xiii; twenty-one Text-figures.)

[Read 25th September, 1957.]

Synopsis.

Chalybosoma casuarinae, sp. nov. (Tabaninae, Diachlorinl) is distinguished by its metallic

blue-green colour and swollen fore tibiae. It is recorded from north Queensland to south
coastal New South Wales. Larvae and pupae were found, in company with those of the
stratiomyiid, Synclipnomyia auricincta Kert., in cavities made by a longicorn beetle, Agrianome
spinicoUis (Macq. ), in the trunks of Casuarina cimninghamiana Miq. The larvae are like those

of other Diachlorini, but the pupae have the lateral t-rms of the aster greatly enlarged.

Introduction.

The early stages of Tabanidae used to be thought of as mainly aquatic; but they

are now known to occur in a great variety of situations, some of which are remarkably

dry (English, 1955). Larvae and pupae of the Ethiopian-Oriental tribe Rhinomyzini

have so far been found only in rot-holes in forest trees, an environment which may
vary from wet to dry, according to season. The species to be described here appears

to be the first member of the subfamily Tabaninae to be bred from this kind of habitat,

although a few have been collected in rotting, fallen tree-trunks, and one in the detritus

on the floor of a hollow tree (Fairchild, personal comm.unication).

We are indebted to Dr. P. B. Carne, Division of Entomology, C.S.I.R.O.,. Canberra,

for identifying the longicorn beetle, to Dr. S. J. Paramonov, of the same Division, for

identifying bred adults of the stratiomyiid fly, to Dr. G. B. Fairchild, Gorgas Memorial
Institute, Panama, for the Neotropical material discussed later in the paper, and to

Mr. D. H. Wilson, C.S.I.R.O., and Dr. M. J. Mackerras for the photographs.

HaMtat.

Merricumbene Creek (35° 44' S, 149° 55' E), where the larvae and pupae were found,

is about 25 miles north-west of Moruya in south coastal New South Wales, and is the

largest of several local tributaries of the Moruya River. It rises in wet sclerophyll

forest at about 2,000 ft., descends abruptly between rugged spurs beneath a canopy of

myrtle (Backhousia myrtifolia Hook. & Harv.), runs through a talus slope bearing relics

of an original rain-forest flora, and then wanders out onto the cleared country of the

plain, where its lower reaches are lined by a dense, almost pure belt of river oaks

{Casuarina cunninghamiana Miq.), which form a thin, peripheral canopy over the

creek bed (Plate xiii, flgs. 1,2). Both the Moruya River and Merricumbene Creek

may become raging torrents after rain; but, whereas the river is permanently running,

the creek quickly subsides to a chain of pools which are maintained almost permanently

by subsurface drainage.

Merricumbene Creek is in a zone in which the mean temperature is over 68 °F.

in the hottest month and between 34° and 46°F. in the coldest, and there is no month
with a mean rainfall less than 2 inches (Department of Lands, 1946). The average

annual rainfall for 53 years at Araluen, 12 miles away, was 33-34 inches, with a range

from 21-65 to 71-26 inches. The monthly rainfalls for the period of observation are

shown below, the first nine months being for Araluen and the remainder for

Proceedings of the Linnean Society of New South Wales, 1957, Vol. Ixxxii, Part 3.
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Merricumbene Creek. The scanty information available suggests that the drought of

1954 may have favoured the Tabanidae by allowing the tree-holes to become relatively

dry.

Monthly rainfall for Araluen and Merricumbene Creek.

Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec.

1954 : 148 838 11 33 9 106 76 35 120 328 261 139

1955: 211 S09 286 221 1453 53 90 78 192 245 173 472

Although there are a few dense patches of young growth, the community of river

oaks along lower Merricumbene Creek conbists mainly of old trees, rising to more than

100 ft., and with trunks up to 5 ft. in diameter at ground level. Most of the trees

showed evidence of advanced attack by larvae of a longicorn beetle, Agrianome

spinicolUs (Macq.), w^hich produced deep cavities with small external openings. Evapora-

tion from the cavities was slow, and seepage down the inside of the trunk often

contributed to the permanency of the water in them. Many, both large and small, were

observed to hold water for several months, during which there was little additional

rainfall.

Larvae and pupae of Chalybosoma casuarinae were first collected on 1st December,

1954, from a large cavity in a living river oak standing just inside the bank of lower

Merricumbene Creek. The 3 in. circular opening was 5 ft. above ground, and approxi-

mately at the same level as the top of the bank (Plate xiii, fig. 3). It faced north-east,

and received direct sunlight only during the forenoon. The cavity was about 15 in.

across, internally, and extended for some distance up the trunk, probably to other

openings. Its contents consisted of a wet, sticky mixture of rotted grub chewings and
inorganic silt. Two tabanid pupae and three larvae were found, together with

numerous immature stages of Synclipnomyia aiiricincta Kertesz (Stratiomyiidae)."-'

The breeding medium was returned to the cavity, which was then filled to capacity

with IJ gallons of clean creek water. In January, 1955, it was occupied by larvae and

pupae of a complex of TrijJteroides spp. and Aedes (Finlaya) spp. (Culicidae), and
larvae of Culicoides sp. (Ceratopogonidae). These were reduced by autumn to two
species of Aedes (Finlaya), which were replaced in the winter by a pure colony of

Megarliinus speciosus Sk. (Culicidae). Water remained in the cavity, and no further

tabanid larvae or pupae were recovered up to tlie last inspection in April, 1956.

On 10th January, 1955, a broken pupal skin was found in the entrance to a cavity

about 5 ft. from the ground in another river oak, about a hundred yards from the first.

The contents of the cavity presented a dry surface layer, beneath which was a moist.

but not sticky, mixture, consisting principalis'' of rotted grub chewings, and containing

larvae of 8. auricincta.

The section of limb containing the cavity was removed on 25th November, taken to

Canberra, and opened up on 6th December, 1955. The cavity was quite small, and the

longicorn grubs had long since left that part of the tree. Its contents were moist,

yet friable, and filled it almost to the brink of the small, perpendicularly lenticulate,

external opening. Four live tabanid larvae and a dead pupa were found in the damper
part of the cavity, among clumps of about 250 larvae of 8. auricincta. One live tabanid

pupa was in a narrow pocket, formed by a grub tunnel just above the entrance hole.

When separated into a small jar, it orientated itself vertically beside a chip, with the

abdomen down, just as it was when found. The larvae were offered a small larva of

8. auricincta, but none fed.

Nothing is known of the habitat or behaviour of the adults, in spite of extensive

study of the blood-sucking insects at Merricumbene by A.L.D. during an investigation

of the epidemiology of myxomatosis. Between September, 1954, and April, 1956, the area

was visited by three experienced co'llectors 24 times, totalling about 300 man-days,
covering all seasons and a wide range of weather conditions. Human, cow, and rabbit

baiting was frequently employed during daylight, dusk, and darkness; horse, dog, and

* The striking, wasp-like adult of this species has been illustrated by Nicholson (1927,
Plate I, Fig. 7, and Text-tig. 2D).
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fowl to a lesser extent; and pigs and sheep were watched for biting flies during the

day. Collection from resting places and by light trapping (modified du Toit pattern)

took place at every visit. Other adult Tabanidae were collected, but no Ch. casuarinae.

The arboreal canopy was not investigated, and it was not possible to bait with

other local animals on which Ch. casuarinae might feed. Bird life was diverse and
extensive, while lizards, snakes and frogs were also common, and a species of Hyla was
often found in the tree-holes. Burrows of Rattus rattus (L.) were frequent in the

banks of the creeks, and an occasional swamp wallaby, Wallabia bicolor (Desm.), was
seen at dusk feeding on the flats. An association with any of these would be difficult

to detect.

Stands of Casuarina are common in all suitable streams from north Queensland to

southern New South Wales, so the distribution of Ch. casuarinae may well be continuous.

Behaviour in Captivity.

Of the two pupae collected on 1st December, 1954, one was preserved, and the other

produced a male on 9th December. One of the larvae was accidentally killed, but the

other two lived in the laboratory in individual jars until pupation took place. They
were kept at first in the muddy medium in which they were found, but this was later

changed to a damp wood mould from other sources. They fed readily enough, as a

rule, on the soft-bodied pupae of species of Ephestia and Heliothis, but at times they

refused to eat, and at other times they were left for long periods without food. It

has been found that tabanid larvae can survive without food for many months.

One pupated after eleven months, and a male emerged on 29th November, 1955,

after a pupal period of about twelve days. The other lived for twenty-three months
before pupation took place. This pupa was kept for three weeks, but it had then

become inactive and very dark, so was presumed dead and was preserved. It was
another male.

The pupa separated from the second batch of material on 6th December, 1955,

produced a female three days later. The larvae were much smaller than those of the

first batch; they died some months later, when the medium in which they were kept

was allowed to dry out too much.

Classification.

Subdivision of the Australian Tabaninae into genera and subgenera has not yet

reached finality. The present arrangement may be summarized in the following key,

which will serve to indicate the relationship of the new species to other local members
of the subfamily.

Key to Australian Genera of Tabaninae.

1. Basicosta with dense setulae, like those on costa Tabanus Linn.

Basicosta without strong- setulae, contrasting with costa 2.

2. Antennae much longer than head, first segment three times as long as wide; slender,

Chrysops-Ul^e species, with conspicuous dark brown pattern on wings .... lAssimas End.
Antennae not longer than head, first segment little longer than wide ; not Cliryso'ps-Vik.e

species 3.

3. Metallic blue-green, calliphorid-like species, with subcallus, parafacials and face rather

bare and shining Chalybosoina Oldr.

Not metallic blue or green species ; face, parafacials, and usually subcallus, tomentose . . 4.

4. R_j with appendix ; eyes hairy, at least on upper facets of d" ; frons of ? wide, index usually

less than 3 ; usually broader, more hairy species Dasybasis Macq.
R^ without appendix ; eyes bare in both sexes ; frons of 9 relatively narrow, index usually

more than 4 ; usually slimmer, smoother species Cydistomyia Tayl.

One small group of species, with hairy eyes and no appendix to R4, is omitted from

the key; it may belong to the New Zealand subgenus Dasybasis {Protoclasyommia)

.

The genus Chalyhosoma (type .metallicum (Ric.)) was established by Oldroyd (1949)

for three Papuan species. It is proposed now to add the Australian Ch. cyanea (Wied.)

and Ch. casuarinae, sp. nov., to it. The Papuan species stand rather apart from the

other two, and the group may not be strictly monophyletic, but it is convenient to

treat it, for the present, as a single, northern element independent of the typically

Australian Dasybasis and Cydistomyia.
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ClIALYBOSOMA CASUARINAE, Sp. nOV.

Types: Holotype $ and allotype c?, bred from pupae, Merricumbene, New South

Wales, A.L.D., the ^ emerged 9.xii.l954, the 5 10.xii.l955, in the Division of Entomology,

C.S.I.R.O., Canberra, A.C.T. Both have the pupal skin attached. Morphotype larva

and cleared preparations of larva and larval exuvia in the same collection.

Female.

A thick-set species, distinguished from all other Australian Tabanidae by the

combination of dark metallic blue-green colour, black antennae, swollen tibiae, and

spotted wings. Ch. cyanea is also metallic blue-green in colour, but has differently

shaped, bright orange third antennal segment, less swollen tibiae, and clear wings.

Length: 10-12-5 mm.
Head (Text-figs. 1, 2). Eyes in life dark metallic green, unhanded; with short sparse

hairs, just visible by tangential illumination at x 15. Frons medium (index 4-4-5),

parallel or slightly diverging, covered with thick silvery white tomentum, through which
the dark ground colour shines at certain angles; hairs black, short, inconspicuous;

vertexal triangle prominent, somewhat swollen, shining dark blue, with black hairs; a

single puncture at its anterior angle, but no ocellar tubercle; callus greenish-black,

shining, lower part somewhat swollen and wrinkled. Subcallus rather prominent,

shining blackish-brown, with a faint tomentose overlay; parafacials dark brown, some-

what shining, with black hairs; face more definitely shining, with some thin white

tomentum in middle below antennae, and with black hairs; tentorial pits large, deep and
prominent. Antennae: first segment shining blue-black, with black hairs; second black,

with black hairs; third dull blackish-brown, of unusual shape (Text-fig. 6), style short.

Palpi shining blue-black, with black hairs. Beard black.

Text-figures 1-9 : Chalybosoma casuarinae, sp. nov., adults.— 1, head of female ; 2, frons of

female ; 3, fore leg of female ; 4, eighth sternite of female ; 5, the same of Ch. cyanea
(Wied.) for comparison; 6, 7, antenna and palp of holotype female; 8, palp of male; 9,

antenna of female from Imbil, Q., for comparison with 6.

Thorax. Scutum and scutellum metallic dark blue-green, with thin ashy dusting

and indications of a median line anteriorly, more purplish blue laterally; hairs black.

Pleurae somewhat shining bluish to brownish black, with black hairs.

Legs. Black, with dark purple reflections, except for cream fore knees and more

brownish mid and hind knees; hairs black, except for a pale antero-ventral zone on

fore tibiae and reddish-brown ventrally on tarsi; pulvilli cream, prominent. The fore

tibiae are markedly swollen (Text-fig. 3), and the mid and hind less so.

Wings. Clear over most of membrane; stigma blackish; veins dark brown. There

are the following conspicuous dark brown marks (Plate xiii, fig. 4) : one filling cells

at extreme base of wing, and extending a little into basal cells; a small one on Rs
just beyond fork of R; a transverse band covering the apices of the basal cells; one

extending from costa through the stigma and R0+3 (which is curiously sinuous) to
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reach R.j+r,; and five small spots apicaliy and posteriorly, at the tip of R2+3, at the tip of

R4, at the fork of Rj^o, at the fork of M^+o, and at the tip of Cui+IA. Vein R, angulate,

with a rudimentary appendix. Basicosta bare.

Abdomen. Dark metallic bluish-green above and almost blue-black below, with a

brownish hue at lateral edges of first and second tergites in the older specimens;

hairs entirely black. Genitalia: Sth sternite of somewhat unusual shape (Text-fig. 4) ;

otherwise not distinctive.

The 5 from Kuranda agrees with the type, except that the band at the apices of the

basal cells is connected by a bar of pigment with the spot at the tip of CUi The $ from
Imbil has differently shaped antennae (Text-fig. 9), and slightly less swollen tibiae.

It is not possible to assess the status of these forms without more material.

Male.

Similar to $. Eyes with upper facets distinctly enlarged, bright orange with

yellow reflections; lower and posterior small facets rich blue, with a purple zone at

margin of upper facets; hairs more evident than in $, especially on upper facets.

Antennae more slender; palpi (Text-fig. 8) short, acorn-shaped. The swelling of the

tibiae may be slightly less than in the 5. and the hind tibial fringes better defined.

Genitalia without distinctive characters.

Larva.

The larva is creamy white, with transparent, longitudinally striate skin; it is more

or less cylindrical, tapering anteriorly to the small head (Text-fig. 10), and abruptly

truncate at the posterior end (Text-fig. 11); there is no siphon. A living, full-grown

larva measured about 15 mm. long by 5 mm. broad when contracted, and extended up to

about 25 mm. long when moving. Larvae of Ch. casuarinae may be distinguished from

those of Dasybasis oraria (Eng.) by having a narrower collar of hirsute skin round

the spiracular mound, no fringe round the spiracle, and the abdominal prolegs armed

with very numerous minute but strong spines instead of small patches of hirsute skin

only. The last character appears to be a good one, but can be seen only in cleared

preparations examined at x 200 or more.

The terminology of Cameron (1934) is used for the structures of the head of the

larva and the chaetotaxy of the head and thorax of the pupa.

Head. The clypeus (Text-fig. 12) is large, laterally compressed, with a small,

upturned labrum at its distal end; there is a longitudinal groove, bearing some sensory

hairs, on its dorsal edge, a band of heavier, darker chitin below the groove, and a

patch of hairs or spines below this on each side. The labium lies below the clypeus,

terminates in paired, sharply toothed glossae, and bears the labial palpi posteriorly.

The heavily chitinized, curved mandibles (Text-fig. 13) have the characteristic longi-

tudinal canal and serrated lower edge. The maxillae are broad at the base, and
terminate in a short, narrow, downwardly projecting tip; they are covered with hairs

or setae, except for a bare anterior border; the maxillary palpi are thick. The antennae

(Text-fig. 14) are two-segmented, and set on a flattened cephalic sclerite; the apical

segment is bifid, with one branch slightly shorter and more slender than the other.

There is a group of piercing spines between the base of the antennal sclerite and the

clypeus.

Thorax and abdomen (Text-figs. 10-11). The annulus of the prothorax is pale

brown, and densely covered with very minute spines. Hirsute skin occurs also on

small areas on the thorax and abdomen, with a similar distribution to that described

by Fuller (1937) for Dasybasis froggatti (Ric.) and D. gentilis (Erich.), and by English

(1949) for D. oraria. The prolegs of the abdomen bear strong spines, and there is

an irregular band of hirsute skin in front of each circlet of prolegs. The posterior

spiracle has the typical tabanid form, and there are groups of flexible hairs, some visible

at X 10, on the spiracular mound (Text-fig. 15).

Puj)a.

The pupa is about 19 mm. long and 4 to 4-5 mm. wide on the thorax. It can be

distinguished from the other known pupae of Australian Tabaninae by the form and
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arrangement of the setae on the abdominal tergites, and the large lateral arms of

the aster.

Head and thorax (Text-figs. 16-17). The head has prominent carinate tubercles,

low frontal ridges, and the following setae on each side: one frontal on a prominent

Text-flgures 10-21: Chalybosoma casuarinae. sp. nov., larvae and pupae.—10-15, Larva:
10, anterior end, lateral view, x 12 ap'prox. ; 11, posterior end, lateral view, x 12 approx. ;

12, part of clypeus, showing labrum and labium, x 70 approx.; 13, mandible and maxilla, x 70
approx.; 14, antenna, x 200 approx.; 15, posterior spiracle and setae on spiracular area, x 80
approx. 16-21, Pupa : 16, lateral view, x 5 approx. ; 17, anterior end, ventral view, x 5 approx. ;

18, thoracic spiracle, x 20 approx.; 19, posterior end of $, lateral view, x 20 approx.;
20, posterior end of d, lateral view, x 20 approx. ; 21, posterior end of d", end view, x 20 approx.
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tubercle, one vertical on a small but distinct tubercle, one anterior and one posterior

orbital on very small tubercles, and two lateral orbitals on very small tubercles set

close together. The thorax has long, slender, basal-alar, anterior mesonotal and
posterior mesonotal setae on small tubercles, and three fine setae on each side of the

metathorax. The thoracic spiracles (Text-fig. 18) are prominent, with large, ear-shaped

rimae.

Abdomen (Text-fig. 16). The first tergite has four long, slender spines. The second

has six long, stout spines arranged at intervals in a row of short spines. The long

spines become longer, and some of the short spines increase in length, on the succeeding

tergites, the seventh having six very long, strong spines interspersed with a variable

number of shorter and very short spines. The spines are in a single row, at least on

tergites 2 to 5, and this, together with their stout build and short terminal bristle,

seems to provide a good distinction from the known pupae of Dasybasis.

There is a single long pleural spine on the first segment, four long and some
short pleural spines on the second, increasing posteriorly, until the seventh has seven

or eight very long, strong spines and some short ones. There are seven prominent

abdominal spiracles, each with a distinct elongated rima.

The long spines on the sternites increase in number posteriorly, like those on the

tergites, there being two long spines near the centre of a row of short ones on the

second sternite, and 14 long, slender spines and some short ones on the seventh; the

two or three central long spines on the seventh sternite are stouter than the others.

The eighth segment (Text-figs. 19-21) has a short median dorsal spine, and a

dorso-lateral comb of two to four spines, but usually of three, with the middle spine

longer than the others. In the 5 (Text-fig. 19), the ventral, preanal fringe consists of

eight or nine short spines with a space in the centre, and there is a small lateral

comb of three or four very short spines. In the ^^ (Text-fig. 20), the preanal fringe

consists of a continuous row of about 10, mostly long, spines, and there is no lateral

comb. The aster consists of two large lateral arms, a very small dorsal pair, and a

slightly larger ventral pair. In the type specimens, the ventral arms are slightly

larger and the lateral arms -more divergent in the (^ (Text-fig. 21) than in the $.

Distribution.—Queensland: Kuranda, A. P. Dodd (1$); Imbil, Feb., F. A. Perkins (15).

New South Wales: Merricumbene, bred, Nov.-Dec, Dyce (2 (^(^, 1 $).

Discussion.

A comparison of adults leaves little doubt that Ch. casuarinae is closely related to

Ch. cyanea, and correctly placed in the Diachlorini. Moreover, it is remarkably like

the tropical American Selasoma tibiale (Wied.), which also belongs to this tribe. The
early stages of Ch. cyanea and S. tibiale are not known; but a study of the available

pupae also suggests a tropical American relationship, this time with Leucotabanus

flavinotum (Krob.), a species that has usually been placed in the Tabanini.

The pupae of Ch. casuarinae and L. flavinotum resemble one another in abdominal

chaetotaxy and form of the aster, and they differ from the known pupae of Dasybasis

in both characters. Preliminary studies by K.M.I.E. indicate that pupal chaetotaxy

may help in defining relationships, although the effect of habitat has not yet been

fully assessed. It is to be noted, therefore, as a reservation, that Dr. Fairchild found

the larvae and pupae of L. flavinotum in the rather dry detritus on the floor of a hollow

tree occupied by bats, a habitat which is not dissimilar to that of Ch. casuarinae.

Enlargement of the lateral arms of the aster, on the other hand, cannot be associated

with either relationship or habitat, for it appears to be general in Scionini and
Rhinomyzini, which are not closely related to each other, and have quite different

breeding habits, while Neave (1915) recorded it in one species of Haematopota and
several normally aquatic species of Tabanus in Africa.

The only useful feature so far found in the larvae is that nearly all the known
larvae of Tabanini have the eighth abdominal segment prolonged into a siphon, whereas
those of Diachlorini (except Lepiselaga) have it truncate. The larvae of L. flavinotum
have a truncate eighth segment, which raises a doubt whether the species is correctly
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assigned to the Tabanini, in spite of the presence of setulae on the basicosta of the

adult.

The evidence is obviously incomplete, but the general inference suggested by it is

that Chalybosoma may not have been derived from the dominant, southern diachlorine

stock of Australia, but represents a separate, tropical intrusion from the north. That
is why we feel that it is more logical, at the present time, to treat it as a separate

genus than to reduce it to subgeneric status in Cyclistomyia, where we had at first

been inclined to place it.
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EXPLANATION OF PLATE XIII.

1.—General view of Merricumbene Creek. The arrow points to the tree shown in Pig. 3.

2.—Bed of the creek, showing canopy of Casuarina cunninglianiiana. 3.—Tree-hole in which
larvae and pupae of Chalybosoma casurinae were found. 4.—Wing of Ch. casuarinae ( ? from
Imbil, Q.).
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NOTES ON THE HAEMOLAELAPS MARSUPIALIS BERL. COMPLEX, WITH THE
DESCRIPTION OF A NEW SPECIES OF THE GENUS (ACARINA,

LAELAPTIDAE).

By H. WoMERSLEY, South Australian Museum.

(Two Text-figures.)

[Read 25th September, 1957.]

Synopsis.

The specimens of a Haemolaelaps recorded by Womersley, 1955, from the nests of mutton
birds on Fisher Island, Bass Strait, as H. viarsuinaUs Berl. are now referred to a new species,

H. flagellata, nom. nov., and specimens from bandicoots from Queensland are shown to be

different, being described and figured as the true H. marsupialis Berl. ; the male of this

species is described for the first time. A third species, H. clomrowi, sp. nov., is figured and
described from bandicoots from Queensland and Papua. A key to both sexes of the three

species is given.

The genus Haemolaelaps with marsupialis as type was very briefiy described by

Berlese without any figures from specimens off a "bandicoot" from New South Wales
(coll. Froggatt).

Since the original description only one authentic record of the species has been

published (Domrow and Smith, these Proceedings, 1956, 80: 252) and the status of

the genus and species has been uncertain. In 1955 the present writer described and
figured both sexes of a Haeviolaelaps from the nests of mutton birds on an island in

Bass Strait as marsupialis Berl. on comparison with drawings made by Dr. Owen
Evans of Berlese's type material in Florence.

At the same time specimens from bandicoots in the South Australian Museum
and the Queensland Institute of Medical Resea,rch, Brisbane, from various localities

in Queensland were referred to as the same species.

I am now greatly indebted to Mr. R. Domrow, of the Queensland Institute of

Medical Research, for pointing out that there are certain small but significant differences

between the species from mutton birds' nests and those from bandicoots, that only the

bandicoot species can be referred to Berlese's species, and that the species from mutton
birds' nests is new.

I now take the opportunity of renaming the mutton birds' nests species Haemolaelaps
flagellata, nom. nov., a name which I had provisionally given to the specimens before

deciding that they were Berlese's H. viarsupialis. At the same time I now give a

detailed description and figures of both sexes of the specimens from bandicoots, being
in complete agreement with Mr. Domrow that these represent the true H. marsupialis

Berlese. The male is recorded for the first time.

In addition, Mr. Domrow has discovered a third species, also from bandicoots,

which he has kindly asked me to describe here, and which I am pleased to name after

him. The key to the three species is partly based on a tentative one drawn up by
him. The type specimens are deposited in the South Australian Museum.

Haemolaelaps marsupialis Berlese, 1910. Text-fig. 1, A-I.)

Laelaps (Haemolaelaps) marsupialis Berlese, 1910. Acari nuovi, Redia, 6: 261, nee

Womersley, 1955, Aust. J. Zool., 3 (3): 423-5, fig. 7, A-E; Keegan, 1956, J. Egyptian

Put>. Health Assoc, 3 (6): 232.

Female (Text-fig. 1, A-F). A medium-sized, fairly well-chitinized oval form. Length

of idiosoma 820/i, width 580^.

Dorsum.—Dorsal shield ovoid, 754/x long by 534ya wide, furnished with long setae

from 85/i to 103|a long, the posterior pair to 190^ long and the subposterior to 80^; under

the front edge of the shield and below the vertical setae are four short setae as

figured; in the gravid specimen figured the dorsal shield does not entirely cover

the body.

Peocb^edings of the Linnean Society of New South Wales, 1957, Vol. Ixxxii, Part 3.
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Venter.—Tritosternum with spinate basal part and paired ciliated laciniae, no

pre-endopodal shields but cuticle between base of tritosternum and sternal shield with

a few striae; sternal shield wider than long, width between the postero-lateral angles

209/i, length lil/j. (in median line 116/^) with three pairs of long setae and two pairs

of lyriform pores, setae I 103/i long and 56/x apart, II lOSfi long and 122^ apart. III 112/i

long and 150fi apart, anterior margin lightly concave and posterior margin medially

concave, surface reticulate; metasternal setae (endopodal setae of Keegan, 1956) 94/i

long, situated inside of the endopodal shields of legs III-IV, metasternal shields absent;

genito-ventral shield flask-shaped, longer than wide, expanded behind coxae IV with

Text-flg. 1, A-I.

—

Haeynolaelaps marsupialis Berl. A-F female: A, venter; B, dorsum;
C, tritosternum ; D, gnathosoma ; B, chelicerae ; F, leg II. G-I male : G, venter ; H, dorsum

;

Li, chelicerae.

rounded but not semicircular posterior, with one pair of setae (genital) 104/t long,

anterior end rounded and strongly fibrillated, length from genital setae to posterior

232^14, width 232;u., surface reticulate; anal shield triangular, slightly wider than long,

lll/jL long by 128//. wide, separated from genito-ventral by 42/x, with almost straight

slightly .concave anterior margin and almost straight sides, with the pair of paranal

setae about in mid-line of anus and 10/x long, postanal seta very long, longer than
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shield, 151^; metapodal shields elongate, 56/i long by 10/j. wide, accompanied on the

inside by a small round shieldlet; on the cuticle lateral to the genito-ventral and anal

shields there are ca. 28 setae to 131yu. long on each side; of these, three pairs flank the

margin of the genital shield; stigma situated between coxae III and IV, the peritremal

shield extending slightly posteriorly, and the peritreme running forward to coxae I.

Gnathosovia as figured, with four pairs of hypostomal setae, of which the third

pair are much the longest, labial cornicles small and slightly sclerotized; palpi normal
with 2-tined seta on tarsus; chelicerae as figured, movable digit slightly longer than

the fixed digit, with two teeth and indistinct brush of setae at base, fixed finger more
hyaline, simple, with long flagelliform subapical seta; deutosternum with five series of

2.3.3.2.2. denticles.

Legs.—All tarsi with fairly long caruncle and paired claws; leg II the stoutest,

IV the longest, I 5S0/x long, II 533^, III 487^, IV 672^, leg II with some of the setae

stoutish and spine-like as figured; coxae with normal setae.

Male allotype (Text-fig. 1, G-I) smaller and less chitinized than the female; length of

idiosoma 578/i, width 360^.

Dorsum.—Dorsal shield entirely covering body, with long setae, of which those on

disc are to 47ju, long, lateral to these and on anterior half the setae are longer to 80/^;

marginal setae to 47/i, the posterior pair are 61/^ long and the subposterior pair 28/^.

Tenter with a single holoventral shield with the genital orifice in the middle of the

anterior margin and in front of anterior pair of setae. The whole holoventral shield

and area between base of tritosternum and anterior margin reticulate; inter-coxal

portion of shield with four pairs of setae and three pairs of pores, setae I 56|U long and

47^ apart, II 52^ long and 84/i apart, III 52/i long and 94^ apart, IV (metasternal) 47^1

long and 70/^ apart; the holoventral shield expands immediately behind coxae IV to

244/x and then the sides converge to the posterior margin embracing the anus, with

six pairs of setae besides the paranal and the postanal setae, paranal setae 47|U long,

postanal 94^; with two setae on each side of the shields; stigma and peritreme as in

female.

Gnathosoma.—Chelicerae as figured, movable digit with strong curved spermato-

phore carrier extending beyond tip; otherwise as in female.

Legs.—II the stoutest, IV the longest, I 556^ long, II 430/^, III 383^^, IV 615^;

setation as in female.

Remarks.—The above description and figures are from the following specimens:

Female from one of four specimens on one slide received from Mr. Domrow and
collected on Perameles nasuta from Mt. Glorious, Queensland, Aug. 28th, 1956, and male
allotype from one of two specimens from Mr. Domrow collected from Thylacis

(= Isooclon) obesulus from Mt. Nebo, Queensland, Oct. 5th, 1951.

The following records of H. marsupialis, s. str., in the Q.I.M.R. have been kindly

furnished by Mr. Domrow. They include the specimens recorded by Domrow and
Smith (loc. cit.) which were exclusively marsupialis.

Host

Number.
Host. Locality. Date. Collector.

309

314

316

339

353

Thyla

obe

cis (=Iso

sulus.

odon) Camp Mt., S.E.Q.

Taringa, Brisbane.

Mt. Nebo, S.E.Q.

Taringa.

Paddington, Brisbane.

Mt. Coot-tha, Brisbane.

5.10.53

7.10.50

31.10.50

1. 2.51

5.10.51

18. 6.52

E. N. Marks.

E. H. Derriclf.

371

404

Mt. Nebo.

Paddington.

6. 8.54

10. 8.55

R. Domrow.

409 ,, 15. 8.55 J,

411

415

417 Perar leles nasm a.

Mt. Glorious, S.E.Q.

22. 8.55

30. 8.55

1. 9.55

"

446

474a

ThyU
Perar

ids obesul

neles nasu

xs.

a.

Paddington.

Mt. Glorious.

4.11.55

22. 8.56

J. H. Pope.

R. Domrow.



300 NOTES ON THE HAEMOLAELAPS MARSUPIALS COMPLEX,

It may be noted that nos. 415, 417, and 474a had both H. marsupialis and H. domrowi,

n. sp., present. On the bandicoot very numerous specimens of H. marsupialis were

crowded around the base of the tail, simulating a dark brown scab, while the specimens

of H. domrowi were scattered at random in the fur of the rump and flanks.

HAEMOLAELAPS FLAGELLATA, nom. nOV.

Haemolaelaps marsupialis Womersley, 1955, Aust. J. Zool., 3 (3) : 423-5, fig. 7, A-E.

As pointed out in the introductory remarks, Mr. Domrow has indicated to me that

the species described by me as H. marsupialis Berlese from the nests of mutton birds

Text-fig. 2, A-I.

—

Haetnolaelajis doonrowi, sp. nov. A-F female : A, venter ; B, dorsum

;

C, chelicerae ; D, tritosternum ; B, gnathosoma ; F, leg II. G-1 male : G, venter ; H, dorsum ;

I, chelicerae.

differs in detail from the drawings of Berlese's material made by Dr. Owen Evans,

who noted that the dorsal setae were long; It is therefore necessary to rename my
material, and the name flagellata is proposed.

Flagellata is much larger than both marsupialis Berlese and the new species

described below. The length of the idiosoma is 910^ and the width 793;U. The genito-

ventral shield is much more evenly rounded, with the posterior part of the disc a

semicircle. The spines on tarsus II are stronger than in the bandicoot species. It is,

so far, only known from the nests of mutton birds on Fisher Island in Bass Strait.
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Haemolaelaps domrowi, sp. nov. (Text-fig. 2, A-I.)

Female holotype.—A small, oval, lightly chitinized species. Length of idiosoma 533/ii,

width 360/,t

Dorsum.—Dorsal shield covering the whole dorsum; setae on the disc weak and

short, 23/x long, laterally and marginally to 61/a, posterior two pairs of setae 75^ and 28/*.

Venter.—Tritosternum with spinate base and paired ciliated laciniae; no pre-

endopodal shield; cuticle between base of tritosternum and anterior of sternal shield

lightly striated; sternal shield wider than long, width between the postero-lateral

angles 160/*, length 94/t (in median line 85/<.), anterior margin almost straight and

sinuous, posterior margin medially lightly concave, with three pairs of long setae and

two pairs of lyriform pores; setae I 63/i long and 50/i apart, II 77/i long and 94/i apart,

III 77/* long and 110/* apart, surface lightly reticulate; metasternal shields absent but

setae 63/* long situated inside of the endopodal shields of coxae III and IV; genito-

ventral shield flask-shaped, longer than wide, expanded behind coxae IV with rounded

but not semicircular posterior, with one pair of setae 63/t long and 180/* apart, length

from its setae to posterior 154/*, width 132/*, anterior end rounded and fibrillated,

surface lightly reticulate; anal shield triangular but with rounded or convex anterior

margin, separated from genito-ventral shield by only 14/i, as long as wide, 84/* by 84/*,

paranal setae 33/*, postanal seta 55/*; metapodal shields elongate and narrow, 41/t long

by 6/* wide; on the cuticle lateral to the shields with about twenty long setae on each

side, three pairs of which flank the genito-ventral shield; stigma between coxae III

and IV, peritremal shield produced a little posteriorly and peritreme running forward

to coxa I.

Gnathosoma as flgured with four pairs of hypostomal setae, of which the third

pair is much the longest, labial cornicles small and lightly sclerotized, palpi normal
with 2-tined seta on tarsus; chelicerae as figured, movable digit very slightly over-

reaching tip of fixed digit and with two strong teeth, fixed digit simple with long

flagellate subapical seta.

Legs.—All tarsi with paired claws, moderately long caruncle and pad, II the

stoutest and IV the longest, I 446/*, II 376/*, III 352/i, IV 470/*, some of the setae on II

strong but not much more so than the rest, coxal setae normal.

Male allotype small and lightly sclerotized; length of idiosoma 464/*, width 335/t.

Dorsum.—Dorsal shield entirely covering body, with the discal setae short, 20/t,

lateral and marginal longer to 40/6, the posterior two pairs 63/* and 16/t.

Venter.—A single holoventral shield with the genital orifice in the anterior margin;

intercoxal portion with four pairs of fairly long setae and three pairs of pores, setae I

41/t long and 36/t apart, II 47/t long and 74/* apart, III 55/* long and 77/t apart, IV
(metasternal) 49/* long and 63/t apart; the holoventral shield expands immediately

behind coxae IV to 225/* and then converges to apex of body embracing the anal shield

with six pairs of setae besides the paranal and postanal setae, paranal setae 19/* long,

postanal setae 44/<,; lateral to the shields with 8-10 setae on each side; surface of

shield reticulate.

Gnathosoma as in the female; chelicerae as figured, movable digit with strong

curved spermatophore carrier over-reaching tip, fixed digit short, not much more than

half the length of movable digit and with a long flagellate subapical seta.

Legs.—II the stoutest, IV the longest, I 423/* long, II 352/i, III 392/i, IV 447/t; tarsi II

with some of the setae fairly strong.

Lac. and Hosts.—The holotype female and three paratype females on one slide from
Mr. Domrow collected from Perameles nasuta No. 474a from Mt. Glorious, Queens-

land, 22nd Aug., 1956 (coll. R.D.). The allotype male and two paratype males from
No. 417 from P. nasuta from Mt. Glorious, 1st Sept., 1955 (coll. R.D.).

Also four females from host No. 417, and two males and one female from I. ohesulus,

from Innisfail, 28th Sept., 1955 (coll. R.D.).

In correspondence Mr. Domrow states that he also has this species from an as yet

undetermined bandicoot from Papua.

B
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Key to the Species of the Haemolaelaps marsupialis Complex.

1. Females ' 2.

Males 4.

2. Larger species, length of idiosoma 900/t; dorsal shield with setae on disc 39/t long, on edges

of shield and on surrounding dorsal cuticle from 90/t to llTjit long, posterior two pairs of

setae on dorsal shield 112/(i and 38/i; posterior half of disc of genito-ventral shield

rounded semicircular ; anal shield wider than long in ratio of 1-25 :l-0, post-anal setae

as long as shield
;
genito-ventral and anal shields 42yn apart. In mutton birds' nests ....

H. flagellata, nomi. nov.

Smaller species; length of idiosoma not exceeding ca. 750,ii; posterior half of disc of genito-

ventral shield rounded but not semicircular. On bandicoots 3.

3. Larger species, length of idiosoma 750/i; dorsal shield with long setae on the disc as well

as laterally, frem 85/tt to 103/t, posterior two pairs of setae on dorsal shield 190/i and
80/t; anal shield slightly wider than long in ratio 1-1 :l-0, postanal seta much longer

than shield; genito-ventral shield and anal shields 47 fi apart H. marsupialis Berl.

Smaller species, length of idiosoma 533yu ; dorsal shield with short, 23/t, setae on disc and
to 61/t laterally and posteriorly, posterior two pairs on shield 75/1 and 28yit; anal shield

with anterior margin convex, as long as wide, in ratio 1-0 :l-0, postanal seta shorter

than length of shield ;
genito-ventral and anal shields ca. 14/i apart . H. dom,rowi, sp. nov.

4. Larger species, idiosoma to 670/i long; dorsal setae as in female but shorter; postanal

seta about as long as from its base to anterior of anus H. flagellata, nom. nov.

Smaller species, idiosoma not exceeding 580,u,, postanal seta longer than distance from its

base to anterior of anus 5.

5. Larger species, idiosoma 580/*; disc of dorsal shield with long setae; postanal seta much
more than twice as long as distance from its base to anterior of anus

H. m,arsupialis Berl.

Smaller species, idiosoma 460/t; disc of dorsal shield with very short setae; lateral and
marginal setae longer

;
postanal seta about twice as long as distance from its base to

anterior of anus H. domrowi, sp. nov.
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REVISION OF THE GENUS MELICHRU8 R.Br. (EPACRIDACEAE).

By Betsy R. Paterson, Department of Botany, New England University,

Armidale, New South Wales.

(Twenty-nine Text-figures.)

[Read 25th September, 1957.]

Syno2}sis.

Four species of Melichrus are redescribed and figured from a large range of materials

Two formerly synonymous species are reinstated to specific rank.

The history, variation and apparent affinities of each species are briefly discussed.

Introduction.

Historical.

Robert Brown (1810) described the first two species of Melichrus, M. rotatus andl

M. urceolatus, from specimens which he collected from the Sydney and Newcastle

districts and Sandy Cape (Queensland). The first species had previously beeu

described by Cavanille (1797) as Yintenatia procumhens from a specimen collected

at Port Jackson.

Cunningham (1825) collected a specimen from the plains around Bathurst, tO'

which he ascribed the name M. medius, and in 1836 two further specimens, M. erubescens-

(Liverpool Plains) and M. adpressus (Wellington Valley).

Bentham (1869) remarked: "Cunningham's four species, all from the neighbourhood-

of Bathurst, do not appear to me to be distinguishable even as varieties", and,

accordingly combined M. medius, M. erubescens and M. adpressus with M. urceolatus.

The fourth species which was collected by Cunningham, M. squarrosus Sond., he-

transferred to Andersonia depressa, var. ciliata, with the comment that the specimens-

"are young plants, not yet in flower or fruit".

The generic name Melichrus comes from the Greek word melichros, meaning honey-

coloured, referring to the colour of the glands.

General.

Melichrus is an eastern Australian genus, extending from the coast to mid-western

districts of all States.

Queensland. New South Wales. Victoria.
M. procumbens M. procumbens
M. adpressus M. adpressus

M. erubescens
M. urceolatus M. urceolatus M. urceolatus

The process of speciation within this genus appears to have followed two distinct

lines, the first culminating in M. procumbens, which is the only species with ciliate

non-pungent leaves, and squat fruits with numerous vertical ridges, and the second line

being represented by M. erubescens, M. urceolatus and M. adpressus. When the leaves

and fruits of the three species are compared, M. urceolatus appears to be intermediate

between M. erubescens and M. adpressus.

The leaf margins of M. erubescens are scabrous; those in M. urceolatus are clear

and slightly thinner than the remainder of the leaf, while in M. adpressus they are

thin and papery.

A similar sequence is shown by a comparison of the fruits. A red globular drupe
with a wrinkled mesocarp is characteristic of M. erubescens, whereas in M. urceolatus-

the mesocarp is indistinctly divided into a light greenish-brown distal half and a dark:

brown proximal half. The proportion of the lighter surface varies from approximately-

half to a small area surrounding the remains of the style. The fruit of M. adpressus-

is very sharply demarcated into a smooth greenish-brown distal half and a darker
wrinkled proximal half.

Proceedings of the Linnean Society of New South Wales, 1957, Vol. Ixxxii, Part S.
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An increase in size of the plant is accompanied by an increase in pollen grain
size in this genus (Text-fig. 1).

Islovienclature.

Melichrus eruhescens was the only species for which syntype material was available,

and the determination of the meaning of the other specific names was made by reference

to the original descriptions. Where possible, specimens initialled by Bentham and
cited in Flora Australiensis, were used as a basis of comparison.

Evaluation of Taxonomic Characters.

An attempt has been made to ascertain the particular taxonomic value which can
be attributed to the various characters of the plant.

Habit.—Variation due to the environment within each species is slight.

Leaves.—These are the most important diagnostic character, since variation is

slight within each species. With the exception of size, which varies considerably,
individual characters, such as type of margin, are peculiar to each species. The

HLIGHT POLLEN D//7/1£T£R5

P U.i U.2 Uo e Uu Ui R p. U3 Ui Uc E Uu Us R

Scale, 1 mm. = -001 mm. Scale, 1 mm. = 1 cm.

Text-fig. 1.—Histograms to show relationship between average height of a population or

species and the pollen diameters of the corresponding populations or species. P = M. procum'bens

,

U(, = M. urceolatus (typical), U^ = M. urceolatus (Herberton area), U3 = M. urceolatus (Burnett-
Wide Bay area), U^ = 31. urceolatus (Yuleba area), \J- = M. tirceolatus (Tableland area),

E = M. eruhescens, A = M. adpressus.

arrangement of the leaves (e.g., the adpressed condition of M. adpressus) is of

secondary importance; it can be used only as a rough guide to identification. The

degree of prominence of the mid-nerve is of no apparent value, as it varies from area

to area, and appears to be influenced by the environment.

Floral Bracts and Calyx.—Variation in colour and degree of pubescence is a

secondary character, and depends on the species concerned.

Corolla.—This takes two forms; rotate in M. procumhens, urceolate in M. adpressus,

M. eruhescens and M. urceolatus. There are no intergradations between these two forms.

Stamens.—Since size and shape are relatively constant throughout all species, the

stamens are of no importance in identification.

Glands.—At the base of each flower five glandular scales, bearing globular to

pear-shaped glands, are attached. There is some variation in the number and shape of

such glands, which are numerous in M. procumhens and relatively few in M. urceolatus,

l)ut the similarity is too close to be of use diagnostically.

Ovary.—The size and shape of the ovary varies slightly within the genus, but

it is not sufficiently variable to be used as a taxonomic character for any species. The
degree of thickness of the disk is constant for a particular species and if used in

connection with other characters it 'could be of some value.

Style and Stigma.—Each species has a relatively characteristic form for the style

and stigma which leads to limited use in identification.

Fruit.—This is an important diagnostic character, since the form taken by the

mesocarp when dry is distinctive of each species.
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Specimens Examined.

More than 200 specimens from areas scattered throughout the eastern Australian

States have been examined. These are listed under the appropriate species and their

whereabouts indicated as follows: National Herbarium, Melbourne (MEL); National

Herbarium, Sydney (NSW) ; Brisbane Herbarium (BRI) ; New England University,

Armidale (UNE).

Taxokomy.

Generic Description.

Melicheus R.Br., Prodromus (1810), 539 Epacridaceae.

Synonymy: Yintenatia Cav., Ic, iv; 28t (1797).

An erect or procumbent shrub, with soft pubescence towards the apex of the stems.

Leaves sessile, imbricate, linear-lanceolate to broadly-lanceolate, attenuate with parallel

venation. Flowers sessile, solitary, axillary. Bracts eight, ovate, imbricate, increasing in

size from below upwards and, together with the two bracteoles, embracing the base of

the calyx. Calyx 5-parted, imbricate, lanceolate, obtuse. Corolla 5-lobed, urceolate or

rotate, the lobes valvate, spreading, exceeding the calyx, bearded or occasionally

glabrous. Stamens five, epipetalous, alternate with the corolla lobes; anthers ovate tO'

oblong, dorsifixed. Glands prominent, reddish, globular or pear-shaped, attached to five

dense glandular scales, which are inserted at the base of the corolla tube, alternating^

with and below the stamens. Ovary five carpels, syncarpous, with axile placentation.

and a single anatropous ovule in each loculus. Style short with a small terminal

stigma. Fruit a drupe with a slightly pulpy mesocarp and a hard endocarp, with five

seeds or fewer by abortion.

Type species, Melichrus procumbens R.Br.

Key to the Species.

A. Leaves hairy, not pangent 1. M. procumbens^
AA. Leaves glabrous, pungent.

B. Leaves with papery margins 2. M. adpressus.

BB. Leaves without papery margins.

C. Calyx glabrous; fruit dark red wrinkled all over when dry 3. M. erubescens.

CC. Calyx usually ciliate ; fruit greenish-brown, with a usually smooth, lighter portion

at the apex 4. M. urceolatus.

Specific Descriptions.

1. Melichrus peocumbens (Cav.) Druce, Rep. Bot. Exch. CI. Brit. Isles, 1916, 635 (1917)^

(Text-figs. 2-9).

Synonymy: Yintenatia procumhens Cav., Ic, iv, 28t, 349, f.l (1797). Styphelia

procumbens Pers., Synopsis Plantarum, Part 1, p. 174 (1805). Melichrus rotatus R.Br.,

Prod., 539 (1810). Styphelia rotata F. Muell., Frag. Phytog., vi, 38 (1867-8).

A procumbent shrub with branches up to 16 cm. long, usually compact, sometimes

spreading. The leaf-base scars give a scaly appearance to the stem. Leaves linear-

lanceolate, 1-25-4 mm. broad, 11-27 mm. long, crowded, attentuate but not pungent;

upper surface glabrous, sometimes microscopically ciliate; lower surface and botk

margins ciliate. Bracts 1-8 mm. long, usually ciliate towards the apex. Calyx segments
5-7 mm. long, broadly lanceolate, obtuse, the distal half ciliate. Corolla cream,

urceolate in bud but rotate when open, 6-8 mm. long, synpetalous; the lobes 3-4 mm.
long, scarcely exceed the calyx, and covered with a few hairs. Stamens: Anthers about

2 mm. long, with very short filaments, which are covered with microscopic pro-

tuberances. Glandular scales bear numerous red globular glands. Ovary slightly

5-lobed, surrounded by a short, entire, fleshy disk. Style pentagonal in cross section,

1 mm. long, often with fine microscopic protuberances towards the distal end, and a

stellate stigmatic surface. Fruit red with numerous vertical ridges, depressed ovoid,

4-5 mm. wide, 2-4 mm. deep.

Habitat: Granite or sandstone soils.

Range: From Gympie through south-east Queensland and Northern Tablelands to

Sydney.
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Specimens Examined.

Queensland: Gympie road, June (BRI) ; Hills nr. Mt. Gravatt, nr. Brisbane, "Rocky

ridge in Eucalyptus forest, sandy soil", 11.7.1930, C. B. Hubbard (BRI); Hills near Mt.

Gravatt, near Brisbane, "Sandstone hills, not common. Low spreading shrub or sub-

shrub, a few inches high, corolla very flat, transparent", 11.7.1930, C. T. White (BRI);

Sunnybank near Brisbane, "low shrub 6 ins. high, sandstone ridges under Eucalyptus

Baileyana", 11.8.1928, C. T. White (BRI); Stradbroke Id., "low prostrate plant in

forest country", 7.1922, C. T. White (NSW; BRI) ; Kenson Brook, F. M. Bailey

<BRI); Rakedale Rd., 8 mile plains, 30.6.1930, E. Thomson (BRI); Stanthorpe, 12.1875,

Text-figs. 2-9.

—

M. procumbens. 2, Habit x 0-2; 3, Leaf x 1-25; 4, Fruit x 3-5; 5, Open
flower x 2-5

; 6, Corolla expanded x 2-5
; 7, Pistil surrounded by a fleshy disk x 16 ; 8, Pistil

viewed from above to show stellate stigmatic surface x 16 ; 9, Distribution.

F. M. Bailey (BRI); Stanthorpe, 10.1916, H. Wright (BRI); Fletcher, "prostrate shrub

forming tufts 0-5 m. diameter, in decomposed granite", 14.10.1933, C. T. White (BRI)

;

Wilson's Downfall, 9.1911, R. H. Cambage (BRI; NSW).

New South Wales: Tenterfield, 3.11.1886, G. Bentham (NSW); Bismuth via Deep-

water, 7.1913, A. McNutt (NSW); Torrington, 7.1907, R. H. Cambage (NSW); Glen

Innes, 6.1930, Glenfield Vet. Station (NSW); Paddy's Gully, Backwater, 29.9.32, E. N.

McKie (NSW) ; Lotties Mt., Ramornie, 7.1922, W. F. Blakely and D. W. C. Shiress

(NSW) ; East of Dog Gate, Wollomombi, "forming mats on the ground", 16.10.1955,

G. L. Davis (UNE) ; Head of Cudgegong River, "diffuse mat-like shrub 6 in. on damp
sandstone ridge", 11.8.1951, T. M. Whaite (NSW); Newcastle, Leichhardt (MEL);
Glenbrook, 10.1914, A. A. Hamilton (NSW); Parramatta, W. Woolls (MEL); Oatley

West, 7.1903, J. H. Camfield (BRI; NSW); Kogarah, 4.1901, J. H. Camfield (NSW);
Carlton, J. H. Camfield (NSW); New South Wales No. 64, 1823, F. W. Sieber (MEL).

Bentham (1869) retained the name Melichrus rotatus R.Br, on the basis that

^'Cavanille's figure (Vintenatia procum'bens Cav.) is a good representation of the plant

but the flower and analysis must have been taken from some Astroloma". However,
specimens examined by the present writer agreed with Cavanille's description, and it

is unfortunate that his figure was unavailable for comparison. Brown (1810) quoted

Yintenatia procumbens Cav. as a synonym to his Melichrus rotatus.



BY BETSY B. PATERSON. 307

According to descriptions by De Candolle (1838) and Don (1834) the flowers of

V. (M.) procumbens are scarlet, but Cavanille does not mention the flower colour of

this species, although he describes the flowers of Vintenatia Inimifusum {Astroloma
humifusum (Cav.) R.Br.) as red. Specimens collected at Wollomombi (16.10.1955) bore

cream flowers and, now dried, are similar to the remainder of the specimens examined.
A conspicuous feature of these Wollomombi specimens was the great amount of nectar

which thej?^ contained.

Melichrus procumhens has a discontinuous range (Text-fig. 9) with morphologically-

similar populations in both areas. Specimens from around Mt. Gravatt and Stradbroke
Id., Q'ld., however, tended to be smaller and less compact than the other specimens.

The only specimen to show any marked difference was that from Glen Innes

(6.1930), which was in all respects larger, and showed more vigorous growth, than
typical specimens. It was 26 cm. high compared with 16 cm., which was the maximum
height recorded for typical specimens.

Measurements of pollen grain diameters were made with an optical micrometer,
both from a selection of typical specimens and the Glen Innes specimen. The average
of 75 grains measured was 0-092 ± 0-0079 mm. for typical specimens and 0-102 ± 0-0084

mm. for the Glen Innes specimen.

The percentage of fertile grains was between 20 and 25% for the Glen Innes
specimen and 90 and 95% for the typical specimens. (Dextrose-sorbitol-acid fuchsin

preparations were used.)

The general increase in size of both the plant and the pollen grains, together

with the low fertility, suggests that this plant may be an autopolyploid.

2. Melichrus adpbesstjs A. Cunn. ex DC, Prod., vii (1838), 740. (Text-figs. 10-16.)

Synonymy: StypJielia cunninghamii F. Muell., Frag. Phytog., vi, 38 (1867-8).

A vigorous erect shrub 0-5-1-5 m. high and usually above 1 m. Prominent leaf-base

scars give a rough appearance to the sparsely branched stems. Leaves lanceolate,

2-5-7 mm. broad, 17-32 mm. long, crowded, adpressed against the stem; attenuate with

a pungent mucronate tip 1 mm. long, and distinct papery margins. Upper surface

smooth and shiny, while the lower is dull, with all veins equally prominent, and sides

of vein ridges microscopically ciliate. Slight denticulations are present on the margins,

which bear microscopic hairs. Bracts 2-6 mm. long, with some pubescence on the

margins and outer surface. Calyx segments 7-8 mm. long, lanceolate, obtuse, usually

pubescent towards the apex. Corolla creamy white, urceolate, tube 5-5 mm. long,

lobes 2-5 mm. long, exceeding the calyx; lobes and apex of corolla tube covered by

long hairs. Stamens: Anthers about 1-5 mm. long, inserted near the summit of the

corolla tube. Glands numerous, red, globular or pear-shaped, attached to the glandular

scales. Ovary 5-lobed, surrounded by a thin entire disk. Style slightly ridged, 1 mm.
long, almost cylindrical in cross section; stigmatic surface rough. Fruit ovoid, 4-5 mm.
diameter mesocarp sharply demarcated into a smooth greenish-brown distal half and

a dark wrinkled proximal half.

Habitat: Sandy soils, often growing in dense clumps.

Range: Isolated localities centred on Herberton, Inglewood and coastal area from

Brisbane to Clarence River.

Specimens Examined.
Queensland: Herberton, 7.1899, J. Bailey (BRI); Herberton, 6.1918, E. W. Bick

(BRI) ; Stannary Hills, 1910, Bancroft (BRI); Inglewood, "the common large leaved

form in Queensland", 11.1922, C. T. White (BRI); Inglewood, 9.1910, J. L. Boorman
(NSW) ; Darling Downs near Inglewood, "moderately common on sandy country.

Shrub 1-25 m. upright branches, flowers cream", 3.9.1934, C. T. White (BRI); Darling

Downs, Lau (MEL) ; Moggill, "sandstone hills—common upright shrub 1-1-5 m. flowers

white", 3.4.1931, C. T. White (BRI); Moggill Road, 14-15 miles from Brisbane, "dry

forest ridges, rigid upright shrub, 3 ft.", 6.10.1928, C. T. White (BRI); Plunkett,

26.8.1923, C. T. White (BRI) ; near Plunkett, "common in open Eucalyptus forest, on

sandy soil and sandstone rocks", 31.8.1930, C. E. Hubbard (BRI) ; two miles north of

Plunkett, "shrub 1-li ft., frequent on sandstone with Monotoca scoparia. Flowers
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creamy white, sepal tips reddish", 7.6.1951, L. A. S. Johnson (NSW); between Upper

Albert and Plunkett, "hills, upright shrub 1-1-5 m. high, flowers cream", 30.8.1930,

C. T. White (BRI) ; Upper Albert River, 11.1922, C. T. White (BRI); Southport,

10.1913, J. H. Simmonds (BRI).

IJew South Wales: Tweed Heads, 8.11.1898, W. Forsyth (NSW); Tweed Heads,

"grows in dense clumps", 1.1908, J. Keys (BRI); Eungella, Tweed River, 10.1915,

R. A. Campbell (NSW); Brunswick Heads, 8.1938, J. C. Wiburd (NSW); Wardell,

10.1893, W. Bauerlen (NSW); Broadwater, 9.1916, E. Cheel (NSW); Clarence River,

Mueller collection (MEL).

Text-figs. 10-16.

—

M. adpressus. 10, 11, Habit forms x 0-25; 12, Leaf x 1-75; 13, Expanded
corolla X 5; 14, Pistil with disk, showing point of attachment of corolla x 16; 15, Fruit x 4;

16, Distribution.

As some doubt exists concerning the collector of the specimen labelled "Clarence

River" Mueller, it has not been nominated as the lectotype. This specimen has not

been initialled by Mueller but, as Bentham initialled it after examination, it is

probably the specimen which he attributes to Bechler.

The type locality of Melichrus adpressus is Wellington Valley, but specimens

subsequently collected from this area do not agree with the original description,

and unfortunately Cunningham's specimens were unavailable for comparison. According

to Mueller (1867), in his description of Styphelia cunninghamii, this plant was "dis-

covered near the River Hastings by Bechler and in certain places in Queensland by

Hill". He further comments: "I recognise it as a true species, which is far stronger

than the preceding species and rather calls to mind Richeo". No flowers were on the

specimens examined by Cunningham, Bentham or Mueller.

M. adpressus has a discontinuous (Text-fig. 16) range, only slight variations existing

between the different populations. These variations are listed below.

Herberton (N. Q'land).—Leaves have a very shiny upper surface. Lower leaves

inclined to spread considerably.

Plunkett (near Brisbane).—Lower leaves spreading.

Darling Downs and Main Coastal Group.—All leaves tightly adpressed to the stem.
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M. adpressus is the largest and has the most vigorous growth of the four species.

Measurements of the pollen grain diameter follow this general increase in size. (Text-

fig. 1.)

3. Melicheus ekubescens a. Cunn. ex DC, Prod., vii (1838), 740. (Text-figs. 17-22.)

Lectotype: Lachlan River, N.S.W., No. 69, A. Cunningham, 1817 (BRI).

Erect low shrub with straggly growth, 0-3-1-2 m. high, usuallj' about 0-5 m. high.

Leaf-base scars give a scaly appearance to the stems. Leaves linear-lanceolate, 2-4 mm.
broad, 8-29 mm. long, attenuate with a pungent mucronate tip 0-5-1-5 mm. long. Upper

leaves crowded, lower leaves often spreading. Upper surface shiny, with fine micro-

scopic hairs spreading slightly inwards from the margin; lower surface dull, micro-

scopically ciliate; mid vein somewhat prominent; leaf margins thick and scabrous.

Text-flgs. 17-22.

—

M. erubescens. 17, Habit x 0-15 ; 18, Leaf x 2 ; 19, Fruit x 4 ; 20, Expanded
corolla X 5 ; 21, Pistil with disk x 16 ; 22, Distribution.

Bracts usually red tipped, 1-4 mm. long, outer surface glabrous, with marginal hairs.

Calyx reddish, segments 2-5 mm. broad, 6 mm. long, lanceolate, obtuse, glabrous.

Corolla reddish, urceolate, corolla tube 4 mm. long, lobes 1-5-2 mm. long, spreading,

exceeding the calyx and bearing a few hairs. Stamens: Anthers inserted just below

summit of corolla tube. Glands slender, red, attached to glandular scales. Ovary
slightly 5-lobed, surrounded by a thick entire disk which is somewhat fleshy. Style

conical, 1 mm. long; stigmatic surface rough, often with slender protuberances. Fruit

globular, 5-7 mm. diameter, cherry-red when ripe; mesocarp dark red and wrinkled

when dry.

Habitat: Rocky stony hillsides, and on sandy soils.

Range: Central Western Slopes and Plains of New South Wales.

Specimens Examined.

Netv South Wales: Coonabarabran, 1.1883, E. Betche (NSW); Coonabarabran, 8.1911,

H. I. Jensen (NSW); Coonabarabran, 28.10.1956, A. McCusker (UNE) ; Warrumbungle
Ranges, 7.9.1945, G. W. Althofer (MEL) ; Warrumbungle Ranges, 10.1899, W. Forsyth

(NSW) ; Warrumbungle Mtns., "3-4 ft., high, straggly growth. Trachyte formation,

rocky hillside", 23.5.1948, E. F. Constable (NSW); Warrumbungle Mtns., "height

generally 18 ins.", 8.10.1946, P. Althofer (NSW); Murrumbo, R. T. Baker (NSW);
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Baerami, 5.1911, R. H. Cambage (NSW); Gilgandra, 15.10.1904, R. H. Cambage (NSW);
Mudgee, Mueller (MEL); Lachlan River, 1817, A. Cunningham No. 69 (BRI); Molong,

"On stony hill, low shrub", 10.1913, P. Armstrong (NSW); Molong, 7.6.1926, E. Cheel

(NSW) ; Lee's Pinch, Wollar-Merriwa Road, "shrub 1 ft., or less. Frequent on sand-

stone ridges", 19.9.1951, L. A. S. Johnson (NSW); Lee's Pinch, Wollar, "9-12 ins. high,

growing in rocky gully, sandstone formation", 11.8.1951, L. A. S. Johnson and E. F.

Constable (NSW); Lee's Pinch (Goulburn River), 15.10.1955, R. W. Earp (NSW);
Gulgong, 4.1901, J. H. Maiden and J. L. Boorman (NSW) ; Minore, 2.1899, J. L. Boorman
(NSW) ; Goonoo State Forest, Dubbo-Mendooran, "small compact undershrub 12-18 ins.,

ripe fruits cherry red, sandy loam", 25.9.1951, G. Chippendale and E. F. Constable

(NSW); Peak Hill Rd., Dubbo, 17.7.1915, J. B. Cleland (NSW); Bowan Park near

Cudal, 10.1906, W. F. Blakely (NSW).
Melichrus erubescens was combined with M. urceolatus by Bentham (1869) but

the present writer is of the opinion that the taxonomic differences are such as to

justify specific rank, although the two species are undoubtedly closely related.

M. erubescens has a continuous range on the Central Western Slopes and Plains

of New South Wales (Text-fig. 22). The specimens most distinct from M. urceolatus

occur in the northern part of the range, while towards the south there is a gradual
transition to plants more closely resembling M. urceolatus. A cline of variability is

indicated, since the northern specimens (e.g., Warrumbungle Ranges) have a more
vigorous growth, and the flowers are redder, than those in the south. The fruits of

a specimen from Coonabarabran (UNE) produced a rather strong and objectionable

odour as they matured and the mesocarp dried.

4. Melichrus urceolatus R.Br., Prod. (1810), 539. (Text-figs. 23-29.)

Synonymy: Melichrus medius A. Cunn., in Field, N.S.W. (1827), 341; Styphelia

urceolata F. Muell., Frag. Phytog., vi (1867-8), 38.

An erect much-branched shrub 0-3-1-5 m. high, usually between 0-3 and 0-7 m. high.

Leaf-base scars give a rough appearance to the stems. Leaves narrow lanceolate to

broadly lanceolate, 2-6 mm. broad, 9-25 mm. long, crowded to spreading, attenuate

with a pungent mucronate tip 1-1-5 mm. long; upper surface shiny, lower surface dull,

mid-nerve sometimes prominent, fine microscopic hairs on both surfaces. Leaf bases

tend to sheath the stem. Leaf margins slightly denticulate, clear, thinner than the

remainder of the leaf. Bracts 2-6 mm. long, outer surfaces glabrous or softly pubescent

with fine marginal hairs. Calyx segments lanceolate, obtuse, 5-7 mm. long, open,

usually pubescent. Corolla greenish-white to cream, urceolate corolla tube 4-5 mm.
long, lobes 2-3 mm. long, spreading, exceeding the calyx; lobes and apex of corolla

tube covered by long hairs. Stamens inserted at centre of corolla tube. Glands slender,

attached to glandular scales. Ovary very slightly 5-lobed, surrounded by a thin

entire disk. Style conical, 1 mm. long. Stigmatic surface slightly roughened. Fruit

ovoid, 3-6 mm. diameter, distal half of mesocarp greenish-brown, smooth or slightly

wrinkled, proximal half dark, wrinkled, no sharp line of demarcation.

Habitat: Sandstone granite soils, usually poor and well drained.

Range: Burnett River, Q'ld., to St. Arnaud, Vict., with isolated specimens at

Herberton and Jericho, Q'ld.

Specimens Examined.

Queensland: Herberton, "small shrub", 2.1918, Rev. N. Michael (BRI); Herberton,

7.1899, J. Bailey (BRI); Poison Creek, 80 miles N. of Hughenden, "sub-shrub 1-lJ feet

on Cypress pine ridges", 12.9.1937, L. J. Brass and C. T. White (BRI); Poison Creek

near Mt. Sturgeon Station, north of Hughenden, "on stony quartzite slopes in Eucalyptus

forest", 15.2.1931, C. E. Hubbard and C. W. Withers (BRI); Jericho, 4.1946, M. S.

Clemens (BRI); near Eidsvold, "Eucalyptus-Angophora forest on shallow sandy soil

overlying sandstone, low shrub 20 cm. high with tufted spreading stems, green leaves

and greenish white flowers", 18.5.1956, S. T. Blake (BRI); Burnett Ridge, F. Mueller

(MEL) ; Cordalba, 1 mile 644786, soil hole 210, near Theodolite Creek, "bushy shrub

to 20 inches", 24.6.1954, W. F. Ridley (BRI); Yuleba forest, 8.8.1949, D. M. Gordon

(BRI); between Jackson and Yuleba, 9.1937, L. J. Brass and C. T. White (BRI);
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20 miles south of Yuleba "in deep sand on ridges dominated by CalUtris'', 21.7.1954,

S. L. Everist, R. W. Joiinson and L. Pedley (BRI); Causa Ck., N. Michael (NSW);
Crow's Nest, 1919, F. H. Kenny (BRI); Goorabungee, 1.1913, C. T. White (BRI);
Crow's Nest, 10.1921, C. T. White (BRI); Hookswood near Miles, 9.1916, E. J. Adams
(BRI); Main Range between Spring Bluff and Murphy's Creek, "sandstone ridge, open

Eucalyptus forest", 2.8.1930, C. E. Hubbard and C. T. White (BRI); Stanthorpe, 12.1875,

F. M. Bailey (BRI); Stanthorpe, "in Eucalyptus forest at foot of granite mountain in

quartzite grit", 11.3.1931, C. E. Hubbard (BRI); Stanthorpe, 10.1916, H. Wright (BRI);

Text-figs. 23-29.

—

M. urceolatus. 23, Habit x 0-2; 24, Leaf x 2; 25, Fruit x 4; 26,

Flower x 5 ; 27, Expanded corolla x 5 ; 28, Pistil surrounded by a very thin disk x 12

;

19, Distribution.

Lyra, Stanthorpe district, W. R. Petrie (BRI); Silverwood, 9.1922, C. T. White (BRI);

Mt. Jibbinbar, 8.1919, L. C. Ball (BRI) ; Thulimbah near Stanthorpe, 13.9.1930, C. E.

Hubbard (BRI); Ballandean to Wallangarra, "on poor stony hills, shrub 1-2 feet,

frequent", 4.11.1951, L. A. S. Johnson (NSW) ; between Wyberba and Wallangarra,

"very common on dry granite ridges, upright shrub 1-5 m." (BRI); Wallangarra, 8.1904,

J. L. Boorman (NSW); Wallangarra, 18.5.1947, E. P. Constable (NSW); Darling Downs
near Inglewood, "moderately common in shallow soil, overlying sandstone, shrub 1 m.,

flowers cream", 4.9.1934, C. T. White (BRI); Inglewood, "a small leaved form found

in several places in Queensland", 11.1922, C. T. White (BRI) ; Wyaga-Goondiwindi

district, 9.1919, C. T. White (BRI).

New South Wales: Acacia Creek, McPherson Range, "in granite country west of

Ben Lomond", 9.4.1908, W. Dunn (NSW); Clifton, New England, C. Stuart (MEL);
Tenterfield, 4.1924, E. Cheel (NSW); Stannum, 7.1907, R. H. Cambage (NSW); Bismuth
via Deepwater, 7.1913, A. McNutt (NSW) ; Emmaville, 6.1904, 10.1911, J. L. Boorman
(NSW); Deepwater-Bolivia, 12.1.1936, L. Frazer (NSW); Bark Hut Hill, Deepwater,

24.8.1924, A. McNutt (NSW); Glen Innes, 29.11.1886, G. Bentham (NSW); Glen Innes,

4.1910, F. H. Kenny (BRI); Glen Innes, 3.1917, J. L. Boorman (NSW); Wallangra,

9.1929, F. A. Rodway (NSW); Warialda, 7.1905, J. L. Boorman (NSW); Parishes of
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Vicars and Oregon, County Burnett, 8.1915, G. Burrows (NSW); Warialda, "on Jurassic

sandstone in shrub forest", 9.1947, L. A. S. Johnson (NSW); Warialda, 28.5.1913,

W. A. W. de Beuzeville (NSW) ; Coolatai, "low shrub 6-9 ins. occurs on Jurassic

sandstone hill in Angophora costata and Callitris endlicheri forest", 9.11.1954, L. A. S.

Johnson and E. F. Constable (NSW) ; Warialda, "sandstone, dry sclerophyll shrub",

8.9.1947, G. Baddams and A. Stokes (UNE); Warialda, 29.7.1929, E. Cheel (NSW);
Tingha, 11.1903, R. H. Cambage (NSW); Tingha, 3.1917, J. L. Boorman (NSW);
Inverell, 28.8.1911, T. McDonnough (NSW); Ramornie to Orara River, 7.1922, W. F.

Blakely and D. W. C. Shiress (NSW) ; Mt. Harriet, Ramornie, 7.1922, W. F. Blakely

and D. W. C. Shiress (NSW); Border's Bridge, Clarence River, "low shrub, sand-

stone", 29.8.1948, R. A. Oxenford (NSW); Guy Fawkes, 12.1909, J. L. Boorman (NSW);
Dumaresq, Armidale, 14.7.1942, G. L. Davis (NSW); Yarrowych, west of Armidale,

"occasional on granite hill", 9.1947, L. A. S. Johnson (NSW) ; Walcha, 7.1898, W. Forsyth

(BRI; NSW); Nundle, 6.1906, J. L. Boorman (NSW); Dumaresq Dam, Armidale,

"granite, cleared Eucalyptus forest", 5.6.1949, G. L. Davis (UNE); Booralong-Hillgrove,

"open Eucalyptus forest", 8.10.1950, G. L. Davis (UNE) ; near Bendemeer, 2.11.1955,

G. L. Davis (UNE); West Narrabri, "sandy soil", 8.1912, E. H. F. Swain (NSW);
Narrabri, 6.1907, J. L. Boorman (NSW); Coryah Gap to Mt. Raputar, Nandewar Ranges,

"low shrub 6-9 ins., frequent on basalt mountainside', 6.11.1954, L. A. S. Johnson and
E. F. Constable (NSW); Bohena Creek, 8.1913, E. H. Swain (NSW); Timor Rock,

Coonabarabran, 9.1908, J. L. Boorman (NSW) ; 8 miles east of Olinda, "shrub 1-2 feet

on Permian sandstone country", 31.8.1951, L. A. S. Johnson (NSW); Wingello, 8.1899,

J. L. Boorman (NSW); Barber's Creek, 8.1898, H. Rumsay (NSW); Baradine Creek,

Kenebri, "2 feet, bushy habit, flowers cream, not plentiful in the area, sandy loam",

8.3.1951, E. F. Constable (NSW); Coonabarabran, 1.1883, E. Betche (NSW); Hill End,

"compact plant about 1 foot high and 1-2 feet across", 29.7.1911, R. H. Cambage
(NSW); Bogan Gate, 19.9.1908, R. H. Cambage (NSW); Warrumbungle Mtns., "4 feet

in height", 8.10.1946, P. Althofer (NSW) ; Warrumbungle Mtns., "9 ins. high, bushy

growth, rocky hillside", 23.5.1948, E. P. Constable (NSW) ; Richlands, 26.4.1937,

J. Vickery (NSW); Mudgee Road, W. Woolls (MEL); Mudgee, 2.8.1911, R. H. Cambage
(UNE) ; Tallong, 28.10.1933, E. Cheel (NSW); Newcastle, 7.1901, R. H. Cambage (NSW);
Pokolbin, 4.1906, R. H. Cambage (NSW); Scone, 8.1913, E. Breakwell (NSW);
Murrurundi, 5.1904, J. H. Maiden and J. L. Boorman (NSW); Baerami, "low spreading

plant, about 1-2 feet", 5.1911, R. H. Cambage (NSW); Denman, 26.5.1945, C. R. Stafford

(NSW); Howes Mt., "shrub 1 foot or less, frequent on sandstone mountainside",

20.9.1951, L. A. S. Johnson (NSW); Wyagdon Hill (Bathurst to Sofala), 3.1910,

J. H. Maiden and R. H. Cambage (NSW); Temora, 8.1915, J. W. Dwyer (NSW);
Tarcutta-Kyeema, "on a hill top", 11.12.1951, G. A. Withers (NSW) ; near Warrah,

10.1897, J. Gregson (NSW); Stewart's Brook, Singleton, 8.1899, J. H.' Maiden (NSW);
Quirindi, 6.1924, F. A. Rodway (NSW); Winburndale-Glanmine, "erect creamy under-

shrub, 7-12 ins., flowers creamy", 16.3.1955, E. F. Constable (NSW); Camboon, R. T.

Baker (NSW); Wollondilly Road, 26.9.28, A. Morris (NSW); Braidwood, 6.1916,

E. Cheel (NSW); Badgery's Crossing to Nowra, 9.1899, W. Forsyth and A. A. Hamilton

(NSW); Endrich River, Nowra-Braidwood Road, 3.5.1925, F. A. Rodway (NSW);
5 miles S.W. of Nerriga, 29.6.1947, F. A. Rodway (NSW) ; Ularoo Rd., 11 miles west of

Nowra, 28.12.1935, F. A. Rodway (NSW) ; Paddy's River, between Moss Vale and
Goulburn, 28.5.1933, G. Davis (NSW); Tolwong, 27 miles west of Nowra, 25.8.1940,

F. A. Rodway (NSW); Waggamia, Shoalhaven River, 7.1919, F. A. Rodway (NSW);
Sydney, A. Stoowell (BRI) ; Blackheath, "sandstone country", 26.11.1946, E. F. Constable

(NSW) ; Abercrombie Caves, "small compact shrub, flowers creamy-white, very

occasionally on shaley hillside", 22.3.1955, E. P. Constable (NSW); Bredbo-Jerangle Rd.,

26.10.1948, A. B. Costin (NSW); Temora to Mirrool, 4.1914, J. W. Dwyer (NSW);
Tumut, 12.1947, R. J. Moreland (NS-W) ; Mullion Range, State forest near Orange,

21.2.1929, Forestry Commission (NSW) ; Taralga Rd., Wombeyan, 10.1905, R. H. Cambage
(NSW); Talbingo near Tumut, 5.1917, H. E. Ellin (NSW); Bredalbane Plains, past

Goulburn, 1.1924, F. A. Rodway (NSW); Pomeroy, 14 miles N.W. of Goulburn, 6.3.1956,

J. C. R. Holford (NSW); Bango Quarry, Yass, "limestone", 3.6.1949, R. A. Oxenford
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(NSW); Grenfell, 5.1900, W. S. Campbell (NSW); Tumut, 8.1903, J. H. Maiden and

J. L. Boorman (NSW); Grong Grong Range, E. of Narrandera, "shrub 50 cms., flowers

pinkish-white", 25.5.1947, L. A. S. Johnson (NSW); Valley of the Tumut (MEL);
Wee Jasper, 2.1937, J. C. Wiburd (NSW); Albury, 7.1917, H. Frauenfelder (NSW);
Albury, 10.1916, Thos. H. Patterson (NSW); Albury, 30.7.1934, Dwyer (NSW).

Victoria: Bonang, A. J. Tadgell (MEL); Upper Murray, 11.1905, A. Quinn (NSW);
Granya Gap near Tallangatta, 10.1925, H. B. Williamson (MEL) ; from Delatite to

Ovens Rivers, F. V. Mueller (MEL); Loddon and Forest-Creek, F. Mueller (MEL);
Tarrangower Creek, Mueller (MEL); Mitta-Mitta, E. Waters (MEL); Buffalo Mtns.,

9.1899, Chas. Walter (MEL); Loddon, Mueller (MEL); South of Heathcote, Mueller

(MEL); Benalla district, Chas. Walters (NSW); Bendigo, 16.9.1905, P. R. H. St. John
(MEL); Maldon, Nott (MEL); St. Arnaud, T. B. Stair (MEL).

The descriptions of both Cunningham and de Candolle for M. meclius do not differ

from that of M. urceolatus, nor was any difference in form detected in specimens from

the type locality ("Plains around Bathurst") of M. meclius. Consequently this synonymy,

as listed by Bentham, is maintained.

M. urceolatus shows a continuous range from Burnett River, Queensland, to

St. Arnaud, Victoria, with several specimens from Herberton and one specimen from

Jericho (Fig. 29). Within this range a large variety of form is shown, but this

variation does not, at present, justify varietal or subspecific status.

Specimens regarded as typical are those which represent the largest group, con-

taining more than half the total number of specimens and having the widest

distribution.

The variation from the typical condition may be broadly divided into five

geographical areas. Plants from the Riverina, South-Western Slopes of New South

Wales and Victoria, have small flowers, and erect leaves with a prominent mid-nerve.

It is in Queensland that the greatest variation is found. Specimens from

Herberton and Hughenden have leaves crowded on the last 7-12 cm. of the stem, leaving

the remainder of the stem bare. The calyx in the four specimens examined is glabrous.

Further south, in the Burnett-Wide Bay district, plants growing in a Eucalyptus-

Angophora association or shallow sandy soil form much-branched erect shrubs. The
stems are covered by small leaves and numerous greenish-white flowers.

Plants growing in deep sand ridges dominated by Oallitris in the Yuleba district

exhibit a vigorous growth with the leaves tightly crowded towards the apex of the

branches.

The fifth area extends along the tablelands from Stanthorpe south to Glen Innes

and Guy Fawkes. These specimens are in general larger than the typical specimens,

and range from 0-5-1-5 m. high, with spreading leaves. The leaf bases usually give a

sheathing effect to the stem.
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STUDIES OF NITROGEN-FIXING BACTERIA. VI.

A New Species of Niteogen-fixing Bacteria.

By Y. T. TcHAN, University of Sydney.

(One Text-figure.)

[Read 30th October, 1957.]

Synopsis.

A new species of Beijerinckia (73. derxii Tchan, 1957) is described. Production of a
fluorescent pigment distinguishes it from other species of the genus.

During a survey of non-symbiotic N-flxing bacteria in Queensland soils, several

cultures of Beijerinckia were obtained. Three cultures showed a remarkable fluores-

cence. As far as the author is aware, a fluorescent Beijerinckia has not hitherto been

described.

Morphology.

The photomicrograph shows its morphology to be typical of the genus.

It is a rod, straight or slightly curved or irregular, locally swollen, 3-5-4-5m x 2-l-5|ti,

non motile, no endospore. Gram negative.

Beijerinckia derxii. n. sp.—Photomicrograph talcen

with anoptral pliase objective, N.A. 1-30, x 1500.

Cultural Characteristics.

Sucrose: colonies are very slimy, convex and smooth, white when young but

becoming fluorescent within 2 to 3 weeks. The fluorescent pigment is of yellow-green

colour and very similar to, but slightly more yellow than, that produced by Azot.

vinelandii. When the pigment first appears, it remains within the colony. Later it

diffuses into the agar medium. Levan is produced.

Levulose, glucose, maltose and mannitol are used, creamy colonies appear on

maltose. Winegradsky's liquid medium containing 2% glucose (separately sterilized

by filtration), but from which' CaCOa was omitted, was used to investigate the pH

Proceedings of the Linnean Society of New South Wales, 1957, Vol. Ixxxii, Part 3.
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tolerance of this organism. The pH was adjusted with NaOH or HCl and rechecked

after sterilization. The sugar was estimated before inoculation and after two weeks'

incubation, pH and sugar were estimated again, as well as total N which was determined

by the Kjeldahl method. Growth was measured by a turbidimetric technique. The
results are shown in Table 1.

Table 1.

pH. Glucose N Fixed. N/glucose.

Used. (Mg.) (Glucose= 100.) Growtli.

Initial. Final. (Mg.)

3-06 2-02

3-06 2-09 —
5-86 4-07 210 0-151 0-715 0-05

5-86 3-95 220 0-186 0-85 0-05

6-75 4-5 225 0-255 1-35 0-355

6-75 5-7 280 0-210 0-75 0-350

7-65 7-2 110 042 0-038 0-15

7-65 6-4 70 042 0-06 0-08

11-15 9-2 —
11-15 9-2 —

The optimum pH seems to lie between 6 and 7 (initial values). There is no growth
at 3 or 11. After 14 days' incubation even though the highest pH had dropped to 9-2

there was no sign of growth. The drop in pH values suggests that acid production

occurs in other cases.

Discussion.

It is of considerable interest that one species of Beijerinckia should possess a

fluorescent pigment. It is the counter-part of Azotobacter vinelandii and Azonionas

agilis (Jensen, 1955; Tchan, 1953) in the same family.

This similarity is in contrast to the differences in distribution of these genera:

Beijerinckia occurs only in tropic, whereas Azotobacter and Azomonas are found in

tropical and temperate regions (Tchan, 1953).

Table 2.

Species. Pigmentation. Motility. Levan Slime Fatty

Formation. Formation. Bodies.

Beij. indica Fulvous. + + + + + + +
„ „ var. alba None. + + + + + + +
„ mobile Amber brown. + + — +

lacticogenes Fulvous. - + - + +
„ derxii .

.

Green - yellow

fluorescent.

+ + + + +

The present culture cannot be identified as Azotomonas (Stapp, 1909; Bergey, 1948)

which has a smaller cell and no fat-like bodies. Unlike Azotomonas, no gas formation

from sugar is observed and a pellicle is not formed. Unfortunately, a culture of

Azotomonas is not available and no comparison can be made. The typical morphology
and physiology of this culture definitely classify it as belonging to the genus
Beijerinckia. Since it is different from other known species, it should be considered

as a new species. The contribution of H. G. Derx on the systematic position of

Beijerinckia was of major importance and the new species is therefore named as

Beijerinckia derxii.

Conclusion.

A new species of Beijerinckia is described. It can be defined as follows:

Beij. derxii, spec. nov. Rod 4-5-3-5/i x 2-1-5/x, aerobe, no endospore. Gram negative,

non-motile. Fatty bodies occur at the ends of the cell. Tolerant to a wide range of
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pH in culture (4-8). Colonies are slimy, smooth, white when young, fluorescent after

2-3 weeks' incubation. Habitat—tropical soil.

The present species can be differentiated from other known species by the

characters summarized in the Table 2.
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NOTES ON AUSTRALIAN MOSQUITOES (DIPTERA, CULICIDAE). III.

The Subgenus Lophoceraomyia in Victoria.*

By N. V. DoBROTWOKSKY, Zoology Department, University of Melbourne.

(Two text-figures.)

[Read 27th November, 1957.]

Synopsis.

Adults and all the early stages of Culex orhostiensis, n. sp., are described and an account
is given of the biology and distribution of this species. The adults and the early stages of

Culex cylindrictis Theobald are redescribed.

The subgenus Lophoceraomyia is distributed in the Oriental and Australian regions,

most of the species being confined to the tropics. Only two species extend down to

Victoria: Culex cylinclricus Theob. has been recorded (Reeves et al., 1954) from the

Mildura area in the north-west of the State; Culex orhostiensis, n. sp., occurs in the

south-east.

Edwards (1932) divided the subgenus Lophoceraomyia into three groups, two of

which are represented in Victoria: group A by Culex cylindricus , and group B by
Culex orhostiensis, n. sp.

The description of C. cylindricus given by Theobald (1903) is brief; the published

figures are very poor and some of them are misleading; for these reasons a redescription

of this species is necessary.

Culex orbostiensis, n. sp.

Types: Holotype male and allotype female are the progeny of a female collected

at Orbost, Victoria, 21.2.56, and with the associated larval and pupal skins, are in

the collections of the National Museum, Melbourne. A paratype series of five males

and ten females from the same locality is divided among C.S.I.R.O. Division of

Entomology, Canberra; the School of Public Health and Tropical Medicine, Sydney;

the University of Queensland, Brisbane; the British Museum (Natural History),

London, and the U.S. National Museum, Washington.

Distinctive Characters: Sixth and tenth antennal segments of the male with a

tuft of long, narrow scales; seventh and eighth each with a short wavy tuft; ninth

with a tuft of long, subapically curved hairs. Scutal scales small, dark-golden.

Abdomen with white basal bands. Venter pale scaled.

Male. Head: Vertex with pale-goldish, narrow, curved, decumbent and upright

scales, the last becoming black towards neck. Lateral scales, broad, flat and white.

Proboscis black, covered with dull scales becoming blackish towards base and apex;

about 15 long upright hairs dorsally towards apex. Palpi dark scaled, exceeding length

of proboscis, including labella, by terminal segment; first segment with two hairy

apical processes (Fig. 1, a) ; shaft with a few long hairs at apex; last two segments

with long, dark hairs. Sixth and tenth antennal segments (Fig. 1, &) with a tuft

of long, narrow scales; seventh and eighth with a short wavy tuft of modified hairs;

ninth with a tuft of long, subapically curved hairs. Thorax: Anterior pronotum with

bristles only. Posterior pronotum bare, with 2-4 proepimeral bristles. Scutal scales

small, curved (Fig. 1, c), dark golden; scales paler around bare area and on scutellum.

.Scutellum with 4-6 long, black border bristles on central lobe and 3 on each lateral

lobe. Lower part of sternopleuron with one strong bristle, a few weaker ones and a few

scales, all towards posterior edge; a few scales and 2-3 bristles on boundary between

* This work was supported in part by a grant from the Trustees of Science and Industry
^Endowment Fund of Commonwealth Scientific and Industrial Research Organization.

Proceedings of the Linnean Society of New South Wales, 1957, Vol. Ixxxii, Part 3.
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this and pre-alar area. Mesepimeron with single lower bristle and 2-3 upper ones. No
patch of scales on mesepimeron. Wing: Scales very scanty except towards tip of wing.

Text-fig. 1. Culex orhostiensis, n. sp. a, First segment of male palp ; h, male antenna,

segments 6-10; c, scale from scutum; d, male teiTnlnalia ; e, pupal abdomen and trumpet;

f, head, terminal segments and mentum o'f larva
; g, egg.

Upper fork-cell about twice the length of its stem. Stem of lower fork-cell almost

equal to stem of upper one. Wing length: 2-7- 2-8 mm. Legs dark scaled, femora pale

below. Front femur about two-thirds of length of proboscis. Front leg with one claw
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toothed; other legs with single claws. Abdomen black scaled above with broad white

basal bands. Venter pale scaled. Terminalia (Fig. 1, d) : Style stout, curved,,

broadening distally, with a single setula; coxite with inner row of 4 long bristles,

Subapical lobe of coxite with 3 long rods, 2 leaves and 5 more or less flattened

bristles. Paraproct with small number of spines. Lateral plates of phallosome sharply

pointed and bent, without teeth, and joined by narrow bridge near base. Lobes of

ninth tergite with 5-6 setae.

Female: Differs from male as follows: Antennal segments without either scale

tufts or short wavy tufts. Proboscis without upright hairs dorsally. Palps about

one-eighth length of proboscis, including labella; third segment about twice as long

as first two combined. Upper fork-cell about one and three-quarter times length of

stem. Stem of lower fork-cell about one and one-fifth times length of stem of upper
one. Wing length 3-0-3-7 mm. Tarsal claws of all legs simple. Front femur about

four-fifths length of proboscis. Patch of scales on sternopleuron larger than in male.

Upper part of mesepimeron with small patch of scales. White bands on tergites 3-7^

as in male, moderately broad and not constricted laterally; tergite 8 pale scaled with,

a few black scales.

Pupa (Fig. 1, e) : Cephalothorax: Trumpet long and slender, index about 10; seta 1,

2-branched; 2-3, 3-branched; 5, 4-5-branched; 6, 3-4-branched; 7, 2-branched; 8, 3-4-

branched; 9, 3-branched. Metanotum: Setae 10 and 11, 2-branched; 12, 4-5-branched.-

Paddle oval; two single setae on tip of midrib.

Larva (Fig. 1, /) : Head broad. Antenna long, strongly spiculated; tuft well

developed, with about 30 plumose branches; subterminal setae strong, slightly removed
from tip. Head seta 4 tiny, with 2-4 branches; 5, long, 2-3-branched ; 6, longer than 5,

2-branched; 7, long, 6-7-branched; 8, small, 3-4-branched; 9, smaller than 8, 3-branched,

Mentum with broad central tooth and 8 lateral teeth on each side. Prothoracic

chaetotaxy: Setae 1 and 2, single, long; 3, 2-branched, about one-quarter length of

1 and 2; 4, 2-branched, twice as long as 3; 5 and 6, single, long; 7, 3-branched, about

two-thirds as long as 6; 8, 2-branched, about the same length as 7. Eighth abdominal

segment: Pentad setae: 1, 4-5-branched, slightly plumose; 2, single; 3, 6-7-branched,,

plumose; 4, single, 5, 5-branched, slightly plumose. Comb of about 50 fringed scales.

Siphon slender, index 8-0-9-0. In some Queensland specimens siphon has a faint dark
band just beyond the middle. Pecten of 14-16 spines, each with several denticles.

Five pairs of subventral setae each of 2-4 branches; setae usually less than diameter

of siphon of point of attachment. Anal segment: saddle complete; setae: 1, 3-4-

branched; 2, with one long and 3 short branches; 3, single, long; 4 of 11-12 tufts,

each 3-7-branched. Anal papillae almost equal in size, slightly less than half length.

of saddle.

Eggs (Fig. 1, g) are deposited in oval rafts. After a human blood meal the rafts

contain 43-50 eggs laid in 5-6 rows, each row containing up to 10 eggs. The egg is

dark brown, almost straight; at the anterior pole there is a funnel-like corolla. The
exochorion is granulate. The egg is about 0-7 mm. long with an index of about 4.

Distribution: In Victoria: East Gippsland, Maroondah (30.1.53, 20.1.54), collected^

by author; Christmas Hills (27.2.52), D. L. Mcintosh; Mildura (18.1.52), E. N. Marks.
This species is also distributed in Queensland and I have examined specimens from
the following localities: Camboon, Townsville, Atherton (N.Q.), Sandgate (E. N,
Marks), Bundaberg (J. L. Wassell), Chermside (P. J. Sparks) and Boldery Park,.

Copyar Distr. (M. Loveday).

Biology: In Victoria this species is common only near Orbost in the easterrt

corner of Gippsland, where it is a vicious day-biting mosquito. In Queehsla,nd (Marks^
personal communication) it is most common on and near coastal heath swamps.

CuLEx CYLiNDRicus Theobald.

Mon. Cul., Vol. 3, p. 202 (1903).

Distinctive Characters: Antennal segments 6-8 of male without scale-tufts; segments;

9 and 10 with tuft of matted hairs. Scutum covered with silvery scales. Abdomen with,

white basal bands. Venter pale scaled.
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Male. Head: Vertex with pale narrow curved decumbent and upright scales.

Lateral scales broad, blackish, becoming white towards postgena. Proboscis black

scaled. Palpi dark scaled, exceeding length of proboscis, including labella, by about

Text-fig. 2. Culex cylindricus Theobald, a. First segment of male palp ; hj male antenna,

segments 7-10 ; c, scale from scutum; d, male terminalia ; e, pupal abdomen and trumpet; fj head,

terminal segments and mentum of larva.

length of terminal segment; first segment (Fig. 2, a) with two hairy apical processes;

shaft with 4-5 long hairs at apex; last two segments sparsely clothed with long hairs.

Ninth antennal segment with short tuft of matted hairs, tenth with long tuft of thick

matted hairs (Fig. 2, 6). Thorax: Anterior pronotum with bristles only. Posterior
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pronotum bare, with 4-5 proepimeral bristles. Scutal scales silvery, with light-goldish

gleam, only slightly curved (Fig. 2, c). Dorsocentral bristles black. Scutellum with

6 long, black border bristles on central lobe and 3 on each lateral lobe. Sternopleuron

with 3 strong and 2 weaker bristles and a row of scales, all towards posterior edge.

Middle part of sternopleuron with small patch of scales. Mesepimeron with single

lower and 4-5 upper bristles. Wing scales very scanty. Upper fork-cell about twice

the length of its stem. Stem of lower fork-cell slightly longer than that of upper

one. Wing length: 2-2-2-8 mm. Legs dark scaled, front femur about four-fifths length

of proboscis. Front leg with one claw toothed, other legs with simple claws. Abdomen
black scaled dorsally, with broad white bands, venter pale scaled. Terminalia (Fig. 2,

d) : style stout, curved, with single setula; coxite with about a dozen long bristles

on inner side. Subapical lobe of coxite with 1 leaf, 5 more or less flattened setae and
3 long rods. Paraproct with small number of short spines. Lateral plates of phallosome

pointed and bent, joined by narrow bridge. Each lobe of ninth tergite with 4-8 setae.

Female: Differs from male as follows: Antennal segments without scale tufts. Palps

about one-seventh length of proboscis, including labella. Upper fork-cell about 3 times

as long as its stem. Stem of lower fork-cell about one and a half times length of stem
of upper one. Wing length: 2-6-3-6 mm. Tarsal claws of all legs simple. Front femur
about four-fifths length of proboscis, including labella. Patches of scales on pleura

more prominent. Bands on tergites 2-3 constricted laterally, on 4-7 almost parallel;

tergite 8, black with patch of white scales basally.

Pupa (Fig. 2, e) : Cephalothorax: Trumpet long and slender with small opening;

index about 10. Setae: 1 and 3, 3-branched; 2, 4-branched; 4, 2-branched; 5, 3-branched;

6, 7, 8 and 9, 2-branched. Metanotum: setae 10 and 11, 2-branched; 12, 3-branched.

Paddle oval, with two single setae on tip of midrib.

Larva (Fig. 2, /) : Examination of a number of larvae from New South Wales
and Queensland has failed to reveal any morphological traits distinguishing them
from the larvae of C. orbostiensis. The larvae, however, have a conspicuous dark band
across the middle of the siphon. This feature will serve to distinguish them from

C. orbostiensis larvae from Victoria but is not a reliable character for Queensland

material. Larvae of C. cylindricus from New South Wales and Queensland show a

striking difference in siphonal index: N.S.W., 9-2-11-0; Queensland, 7-3-8-4.

Distribution: In Victoria, so far, it has been recorded by Reeves et al. (1954) from

the Mildura area, where 25 females, mostly on cow bait, and one resting male, were
collected. I have also examined specimens from N.S.W.: Armidale area (E. J. Water-

house) and Queensland: Burpengary, Camp Mt. (E. N. Marks), Belmont (K. H. Brooks),

Charleville (W. R. Home), Ferny Grove (E. J. Reye), Chermside and Apsley (P. J.

Sparks), Wengenville, Carnarvon Range (J. L. Wassell).
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A NEW SPECIES OF CLAVICEPS ON PHALARIS TVBEROSA
By J. Walker, Biological Branch, New South Wales Department

of Agriculture.

(Plate xiv; one Text-figure.)

[Read 30th October, 1957.]

L.

Synopsis.

Sclerotia found in seed samples of Phalaris tuherosa L. grown in southern New South
"Wales and Victoria were found to be those of an undescribed species of Claviceps. It is here
•described under the name Claviceps phalaridis.

Introduction.

During the past four years, seed samples of Toowoomba canary grass (Phalaris

tuherosa L.) received at the N.S.W. Department of Agriculture Seed Testing Laboratory

have been found to contain small fungous sclerotia typical of the genus Claviceps Tul.

The percentage of sclerotia in the samples has generally been low, 4-6% being the

Table 1.

Percentage of Ergot Sclerotia Present in Phalaris tuberosa Seed

Samples.

No. of Place Grown. Percentage Ergot.

Sample.

1 Wagga Wagga. 01.
2 Holbrook. 01.
3 Holbrook. 1-3 (type specimen).

4 Wagga Wagga. 0-3.

5 Albury. 2-9.

6 Wagga Wagga. Trace.

7 Wagga Wagga. Trace.

8 Albury. 0-1.

9
,

Albury. 0-2.

10 Albury. 1-4.

11 Holbrook. 0-8.

12 Holbrook. 01.
13 Wagga Wagga. 0-2.

14 Ladysmith. 0-2.

15 Yerong Creek. 1-4.

16 Yerong Creek. 4-6.

17 Ladysmith. Trace.

18 Culcairn. Present (percentage

not available).

19 Moyhu, Vic. Present (percentage

not available).

20 Violet Town, Vic. Present (percentage

not available).

highest figure so far recorded, but many samples, especially those from southern New
South Wales, have contained them. Specimens of the same sclerotia have also been

received from the Victorian Department of Agriculture's Seed Testing Laboratory

taken from Victorian-grown seed, and it was stated that they have been observed for

many years. The percentage of sclerotia present in seed samples examined is given

in Table 1. The disease has not yet been found in the field, but in view of its apparent

widespread distribution as shown by the seed samples, it has been investigated in

some detail.

Proceedings of the Linnean Society of New South Wales, 1957, Vol. Ixxxii, Part 3.
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Records of Claviceps spp. on Phalaridae.

There appear to be very few records of Claviceps spp. on genera in the tribe

Phalaridae (see Table 2). In all cases, except those from South Africa where the

a. O 9P0 00§0
c.<D

o.
oSo

3.05^.

Text-fig. 1.—Conidia of Claviceps spp. on Phalaridae. A : from Anthoxanthum odoratum
Li., Bavaria, 1880; B: from Ehrharta capensis Thunb., Cape Town, S. Africa, 1921; C: from
Phalaris minor Retz, Glen Innes, N.S.W., 1921 ; D : from P. tubei'osa L., Pretoria, S. Africa,

1922; E: from P. tuberosa L., Guyra, N.S.W., 1956; F: from P. tuherosa L.., Violet Town,
Victoria, 1956.

Table 2.

Records of Claviceps spp. on Phalaridae.

Host. Species of Claviceps. References.

Anthoxanthum sp.

A. aristatum Boiss.

A. odoratum L.

Ehrharta bulbosa Sm.

E. calyeina Sm.

E. capensis Thunb.

HierocMoe alpina Roem. and

Schult.

S. borealis Roem. and Schult.

H. horsfieldii Maxim.

H. odorata Beauv.

Microlaena avenacea (Raoul)

Hook. f.

M. stipoides R.Br.

Phalaris sp.

P. arundinacea L.

P. arundinacea L. v. genuina

Hack.

P. arundinacea L. v. picta L.

P. californica Hook and Am.
P. canariensis L.

P. earoliniana Walt.

P. coerulescens Desf.

P. minor Retz.

P. tuherosa L.

C. microcephala.

C. purpurea.

C. microcephala.

C. purpurea.

C. sp.

C. sp.

C. sp.

C. purpurea.

C. purpurea.

C. purpurea.

C. purpurea.

C. purpurea.

C. purpurea.

C. sp.

C. purpurea.

C. purpurea f. biologica natans

Phalaris arundinaceae.

C. microcephala.

C. purpurea.

C. purpurea.

C. purpurea.

C. purpurea.

C. purpurea.

C. purpurea.

C. sp.

C. purpurea.

Kawatani (1952).

Langdon (1952).

Saccardo (1898), Oudemans (1919), Barger (1931).

Kawatani (1952).

Doidge (1950).

Doidge (1950).

Doidge (1950).

Kawatani (1952).

Barger (1931), Kawatani (1952).

Barger (1931), Kawatani (1952).

Kawatani (1952).

Dingley (1954).

Dingley (1954).

Bisby et al. (1929).

Doidge (1950).

Saccardo (1898), Oudemans (1919), Barger (1931),

Weiss (1950), Kawatani (1952).

Stager (1922).

Kawatani (1952).

Weiss (1950).

Langdon (1952).

Barger (1931), Kawatani (1952), Ives (1955).

Langdon (1952).

Saccardo (1898), Oudemans (1919), Barger (1931),

Kawatani (1952).

Noble et al. (1935), Kawatani (1952).

Doidge (1950).

Hynes et al. (1941).
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species of Claviceps has not been determined, the ergot concerned is C. purpurea (Fr.)

Tul. (in some cases listed as G. microcephala (Wallr.) Tul., which is now considered

a synonym of C. purpurea (Fetch, 1937; Langdon, 1952)).

Table 3.

Details of Specimens of Claviceps on Phalaridae Examined.

Host. Source of

Specimen.

Sclerotia. Conidia. Remarks.

Anthoxanthum Bavaria, 1880 Very dark purple, matt Oblong, with rounded Stipe up to 10 mm. long,

odoratum L. (N.S.W.).* surface, curved, taper-

ing slightly towards the

tip, base enclosed by
permanent glumes,

7-13x1 -5 mm.

ends, 4-8 x 2 - 5-4ti.. capitulum 1-2 mm.
diam., asci up to 170(j,

long (marked " Clavi-

ceps purpurea (Fr.)

Tul.").

Ehrharta cap- Cape Town, S. Dark purple, matt siu-- Oblong, with rounded Marked " Claviceps sp."

ensis Thunb. Africa, 1921. (No. face with a few longi- ends, a few slightly (Doidge, 1950).

14264, S.A.).* tudinal furrows, slightly

curved, tapering slightly

towards the base, which

is enclosed by per-

manent glumes
8-19xl-5-3-5mm.

tapering 4-11 x 2 • 5-4tJ,

(mainly 6-7 x 3-4(x).

Phalaris minor Grlen Innes, Dark purple, slightly Roughly oblong, some Listed as C. purpurea

Retz. N.S.W., 1921 rough surface, roughly tapering slightly, by Noble et al. (1935).

(N.S.W.).* oval in shape and
slightly flattened, with

a curved diagonal

groove on each side,

representing the original

position of the edge of

the glume, 2x1-5 mm.

others nearly
spherical, 4-8 x 3-4 (x.

P. titberosa L. Pretoria, S. Africa, Dark purple to black. Oblong, with rounded Marked " Claviceps sp."

1922. (No. 15421, matt surface, partly ends, a few slightly (Doidge, 1950).

S.A.).* covered with a pale pink

film of dried conidia,

slightly curved, tapering

slightly towards the tip,

base enclosed by
permanent glumes,
4-7 X 1 • 5 mm.

tapering, 5-11 x 2 - 5-4(i

(mainly about
9x3-5(j,).

P. tuberosa L. Guyra, N.S.W. Dark purple to black. Oblong with rounded

(N.S.W.).* matt surface partly

covered with a pale

pink film of dried

conidia, base enclosed

by permanent glumes

3x1 mm.

or bluntly pointed

ends, some tapering

slightly, straight or

very slightly curved,

4-8 x 3-4^,.

P. tuberosa L. Various places in Brown, turning to darker Oblong to cylindrical. Stipe pale lilac darken-

N.S.W. and Vic- brown with purple tint straight or slightly ing to purple-grey.

toria. at germination, matt curved, often tapering 7 mm. long; capitulum

surface roughly spherical slightly, (5-5)7-5- papillate, dark piurple

to oblong and flattened 14(15)x2-3(4)(ji.. to black, - 6-1 4 mm.
slightly in the plane of diam.; asci
the glumes, with a 133-270 X 4(x ; asco-

shallow groove along the spores 125-221 pi long.

edge of the glumes, by
which it is completely

enclosed, 1 •5-2-5x1-2
mm.

* The herbarium in which the specimen is located.

Several specimens of ergots on Phalaridae examined in the sclerotial stage have

all proved to be quite different,from the present specimens. In Table 3, the specimens

examined are listed and the main features which distinguish them from the present

fungus are given. In Plate xiv, 1 the sclerotia of these fungi are shown and Text-

figure 1 shows the conidia floated off from the surface of the sclerotia.
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All the sclerotla with the exception of those on P. minor Retz from Glen Innes,

are dark purple and elongated and the conidia are oblong and in the size range

4-11 X 2-5-4 fjL. In these features, they agree well with published descriptions of

C. purpurea. The ergot on P. minor, however, has sclerotia of a similar size and shape

to those of the present specimen, but these are much darker in colour and the conidia

are shorter and wider. This fungus is listed as C. purpurea by Noble et al. (1935).

The only specimen seen with mature ascostromata was that from Anthoxantum
odoratum L., collected in Bavaria in 1880. The stipe and capitulum were larger than

those of the present fungus and the asci and ascospores shorter, the longest ascus

seen being 170 fi.

Langdon (1956, personal coftimunication) states, concerning the present fungus,

that the "conidia are considerably longer than those of Claviceps purpurea and of

course the sclerotia are quite different from that ergot".

Germination of Sclerotia.

Germination of the sclerotia from the seed samples has been obtained by placing

them on the surface of wet sand in a Petri dish and keeping them on a window sill

facing west and shaded from direct sunlight. It begins after seven to ten days by
a tuft of hyphae pushing out through the rind. This tuft is a very pale lilac in colour

and gradually expands to form a spherical knob on the sclerotium. At this stage

it is only a fraction of a millimetre in diameter and the torn edges of the rind of the

sclerotium are turned up around its base. Its surface is roughened by projecting hyphae.

As it enlarges further, it gradually darkens. During germination, the sclerotium

also darkens.

Differentiation of this hyphal mass into a stipe and capitulum begins after three

to five weeks. The stipe arises by an expansion at the base of the tuft, pushing it up
above the sclerotium to form the capitulum. Torn edges are seen around the base of the

stipe and the lower edge of the capitulum.

At first, the stipe is white but quickly changes to a greyish purple (pale purple

drab of Ridgway (1912)). It tapers slightly from the base and is usually slightly

darker in colour there. As it elongates, differentiation of the capitulum continues.

This enlarges, darkening in colour all the time, and gradually becomes roughened
by the necks of the embedded perithecia projecting over its surface. When mature,

it is quite black (Plate xiv, 2). At this stage the sclerotium is shrunken and almost

black in colour.

Up to four ascostromata have been seen coming from the one sclerotium, but

these are not usually at the same stage of maturity. This undoubtedly increases the

length of time of ascospore discharge. Mature asci and ascospores are seen nine to

twelve weeks after the germination tuft appears.

Germination of similar sclerotia taken from a Phalaris seed sample was obtained

in Victoria in 1940 and gave stipitate ascostromata containing perithecia and asci

similar to those described above. The length of the asci of the Victorian specimens is

given as 150-230 jj. (Fish, 1956, personal communication) and the fungus appears to be
the same as the N.S.W. specimen.

With some collections, sclerotia planted immediately did not germinate but just

rotted, whereas those held for five months germinated readily. Low temperatures
did not seem to be necessary during this period as sclerotia kept at room temperature
germinated just as well at the end of the period as those kept in a refrigerator (at about
6°C.) for that time. It thus seems that a period of dormancy is necessary in some
cases before germination can occur. This is common in other species of Claviceps.

Identification of the Fungus.

Langdon (1954) lists twenty-six known species of Claviceps and as far as can be

determined from the descriptions examined, the present fungus from Phalaris is

different from all of them. It is therefore described as a new species.
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Claviceps phalaridis, sp. nov.

Sclerotia in ovariis Phalaridis, glumis cincta, a "Cartridge buff (Ridgway)" ad

"Fawn Colour (Ridgway)", a subglobosis ad oblonga, dura, 1-5-2-5 x 1-2 mm. Asco-

stromata stipite; stipites a "Pale purple drab (Ridgway)" ad apicem ad "Dark purple

drab (Ridgway)" ad basem, usque ad 7 mm. longam. Capitula a atropurpuris ad nigra,

globosa, 0-6-1 -4 mm. diam., cervicibus prominentibus peritheciorum immersorum

asperantur (Plate xiv, 3). Perithecia pyriformia, 240-320 x 70-120 fi, muris 15-20 /x

crassis; asci cylindrici (130) 170-250 (270) x i fi, apice rotundo hyalinoque (Plate xiv,

4); ascospori octo, hyalini, filiformi, (125) 140-220 (240) /x longus.

ad cylindrica, recta vel parva flexa, lateribus parallelis vel parvum convergentibus.

Status sphacelia non viditus est sed conidia in superficie sclerotiorum a oblongis

<5-5) 7-5-14 (15) X 2-3 (4) /jl, pauca.

Hal).: in ovariis Phalaridis tuherosae L., Holbrook (typus), Albury, Culcairn,

Ladysmith, Wagga Wagga, Yerong Creek, N.S.W.; Moyhu et Violet Town, Victoria.

Sclerotia cartridge buff (Ridgway) in colour at the base where covered by the

glumes, darkening to fawn colour (Ridgway) at the top, hard, matt surface, roughly

spherical to oblong and flattened slightly in the plane of the glumes, which are persistent

and enclose it completely, 1-5-2-5 x 1-2 mm. They germinate to give a stipitate

ascostroma, stipe pale purple drab (Ridgway) at the top darkening to dark purple

drab (Ridgway) at the base, up to 7 mm. long; capitulum dark purple to black, globose,

0-6-1-4 mm. in diameter, surface roughened by the projecting necks of the embedded

perithecia (Plate xiv, 3). Perithecia pyriform, 240-320 x 70-120 ix, wall 15-20 ^ thick;

asci cylindrical, (130) 170-250 (270) x 4 /* with a hyaline apical area (Plate xiv, 4),

and containing eight hyaline filamentous ascospores, (125) 140-220 (240) ix long.

Sphacelial stage not seen but conidia on surface of sclerotia oblong to cylindrical,

straight or slightly curved, often tapering slightly, (5-5) 7-5-14 (15) x 2-3 (4) m, few.

Hah.: in ovaries of Phalaris tuberosa L., Holbrook (type), Albury, Culcairn,

Ladysmith, Wagga Wagga and Yerong Creek, N.S.W., Moyhu and Violet Town, Victoria.

Type specimens have been placed in the herbarium of the Biological Branch,

Department of Agriculture of N.S.W., and in the author's collection. Very few conidia

were present on sclerotia of the type specimen and measurements in the above

description are of those taken from sclerotia from Violet Town, Victoria.

C. phalaridis differs from C. purpurea, the only other described species on Phalaris,

in the size, shape and colour of the sclerotia, the size and shape qf the conidia and the

much longer asci and ascospores.

Geographical distribution and importance.

So far, C. phalaridis has been found only in seed samples taken from crops in

southern New South Wales and Victoria.* Generally, the sclerotia are present in only

very small amounts and the disease does not appear to be of economic importance at

present. In seed testing work, the sclerotia are treated as "inert matter" and seed

samples rarely have a higher percentage of sclerotia than the limit of 1-5% imposed

on Phalaris seed for this class of impurity.
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EXPLANATION OP PLATE XIV.

1. Ergot sclerotia from Phalaridae (xl-25).
Left to right.

—

Ant., from Anthoxanthum odoratum L., Bavaria, 1880 ; Ehr., from Ehrharta
capensis Thunb., South Africa, 1921; P. niin., from Phalaris minor Retz, Glen Innes, N.S.W.,
1921; P.t., S.A., from P. tuberosa L., South Africa, 1922; P.t., Guyra, from P. tuberosa L.,

Guyra, N.S.W., 1956 ; P.t., from P. tuberosa L., Violet Town, Victoria, 1956.

2. Germinating sclerotia of C phalaridis with stipitate ascostromata and papillate capitula.
X2-25.

3. Squashing of capitulum of C. phalaridis showing four embedded perithecia with
projecting necks, x 150.

4. Asci of C. phalaridis showing hyaline apical area and filamentous ascospores inside.

X 640.
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STUDIES ON AUSTRALIAN THYNNIDAE SHUCKARD, 1841.

(HYMENOPTERA) III.

An Intkodxjction to the Compakative Morphology of the Male.

By K. E. W. Salter, Department of Zoology, The University of Sydney.

(Thirty-one Text-figures.)

[Read 27th November, 1357.]

Synopsis.

The present paper is essentially introductory ; it precedes a revision of the family and
summarizes the various modifications found in the principal regions of the body of male
thynnids. It contains four tables and thirty-one illustrations representing the taxonomic
characters selected by earlier workers to distinguish the genera. The type species were used
mostly for these figures and with graphic redefinition it is hoped to verify much of the

existing classification and to clarify some of the ambiguities occurring in the former
generic key.

Introduction.

This morphological study follows directly from the catalogue and history of

Thynnidae already published. It is the third in this introductory series and deals

with the comparative anatomy of the males of the Australian species. Together,

these three papers summarize the contributions made during a hundred and eighty

years by fifty naturalists. The volume of information on the Australian Thynnidae

is very considerable. Previously, no attempt has been made to compile a list of the

various regions of the body which are subject to modification, and a complete

investigation of these variants forms part of the revision that is now in progress.

However, before proceeding with this revision it is appropriate here to bring together

the salient features of thynnid anatomy.

Accounts of earlier achievements have become a traditional introduction, and we
find that the contributions of Guerin-Meneville (1838), Klug (1842) and Westwood
(1844) were each prefaced by a resume of the works of thejr predecessors. The
genera and species already described prior to 1859 were listed in Smith's first

catalogue, and a brief history of foregoing research introduces Rowland Turner's

revision. Following precedent, therefore, the checklist (1954), history (1956) and
now this morphological study sum up our present knowledge of the Thynnidae. That
there is a great deal of information available on thynnid morphology is true, but

to accept unverified the statements made by preceding authors on this subject has

proved impossible. A classical example of such folly is found in early thynnid history.

Latreille (1809), in presenting his observations on the specimens of Thynnus dentatus,

which of course were all winged males, gave his imaginary characters to distinguish,

as he thought, males from females. Then, as the reprinting of former observations

was customary between 1775 and 1825, Latreille's errors were duplicated again both

by Lamarck (1817) and Lepeletier (1825).

The present paper is not simply a concise summary of all the earlier works on
this subject; it is considerably more than that. Here the papers written by Turner
and others have been submitted to critical examination and their statements checked
and compared with identified material. One of its primary objectives is to investigate

the taxonomic characters contrasted by Turner in the couplets in his generic key

(1910), as this key contains certain sections in which the taxonomic characters

given are inadequately described, and many of his statements are ambiguous.

The salient features by which each genus was defined have been carefully examined
and a series of illustrations made of the characters used to distinguish one genus

Proceedings of the Linnean Society of New South Wales, 1957, Vol. .Ixxxii, Part 3.
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from another. The type species of each genus was used in most cases. With Turner's

key interpreted by precise, accurately drawn figures demonstrating the generic

definitions, recognition of many of the genera should be considerably simplified,

furthermore, as the species are at present arranged, a certain number do not agree

with the taxonomic characters of the genera into which they have been grouped by

Turner, and in some cases it appears doubtful whether Turner has arranged his

species in accordance with the characters defined by him in his own generic key.

Thus to take this investigation further, it will eventually be necessary for every

species to be checked with the typical example of each genus, as it is certain that

many of the species listed are incorrectly classified. The illustrations submitted In

the present paper are intended to act as "blueprints" for the subsequent verification

of the genera in which the 480 species are supposed to have been classified. It is

anticipated that the study of the genitalia of these insects will later prove of

considerable importance in interpreting the classification, phylogeny and certain

evolutionary lines which suggest themselves from a study of Thynnidae. An examina-

tion of 2000 of these structures is now in progress.

Instead of figures, Turner's work has in some cases been tested by means of

measurements and the results are tabulated, although the samples employed are

insufficiently large to be of real significance.

With a family of such a size as the Thynnidae, the amount of detailed information

to be compiled on all of its species will be immense. For further reference, the coding

and filing of the details of each species appropriately into a punch-card system is an

essential. The present paper is an attempt to provide a working basis for this

subsequent investigation. It is hoped also that this contribution will bring about

some uniformity in the subsequent redescription of the genera and species which
must eventually follow.

To be consistent in the use of taxonomic categories is more than desirable, and
as views differ in regard to the category to be applied to the thynnids it is appropriate

here to quote the definition given by Mayr (1953) of the category—Family: "A
family may be defined as a systematic category including one genus or a group of genera

of common phylogenetic origin, which is separated from other families by a decided gap.

As for the genus, it is suggested that the size of the gap be in inverse ratio to the

size of the family." If Mayr's definition is accepted, it follows that since the group
is of very large size, then, even if the gap which separates the thynnids from their

allies is but small, the category—family—logically follows from his definition. An
assessment of the extent of this gap obviously depends upon further studies of their

comparative anatomy.

In the Getiera Insectorum 1910, Turner set out the generic descriptions for every

genus and also the type species selected to represent each genus. It would be

expected that the generic descriptions apply fairly closely to these type species, and
as the present paper deals largely with generic characters, a list follows of the type

species of the genera.

List op the Type Species of the Genera of the Thynnidae. Shuckard, 1841.

Subfamily Diamminae Turner, 1907.

Diamma bicolor Westwood, 1835.

Subfamily Rhagigasterinae Ashmead, 1903.

Diniorphothynnus bicolor (Westwood), 1844. Eirone dispar Westwood, 1844.

Rhagigaster unicolor Guerin, 1838.

Subfamily Thynninae Ashmead, 1903.

Ariphron bicolor Brichson, 1842. Neozeleboria sexmaculata (Smith), 1859.

Tachynomyia abdominalis (Guerin), 1842. Agriomyia maculata Guerin, 1838.

Megalothynnus klugii (Westwood), 1844. Asthenothynnus pulchellus (Klug), 1842.

Oncorhinothynnus xanthospilus (Shuckard), Leiothynnus mackayensis Turner, 19 08.

1841. Aspidothynmis combustus (Smith), 1859.

Psammothynnus depressus (Westwood), 1844. G-ymnothynnus gilberti Turner, 1908.

Phymatothynnus ynoniUcoriiis (Smith), 1859. Epactiothynnus crabroniformis (Smith), 1859.

Zeleboria xanthorrhoei (Smith), 1859. Tmesothynnus zelebori (Saussure), 1868.

A.ulacothyninis femoratus (Turner), 1908. Thynnoturneria cerceroides (Smith), 1859.
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Subfamily Thynninae Ashmead, 1903 (continued).

Acanthothynnus sannae (Turner), 1908.

Doratitliynnus doddii (Turner), 1908.

Enoopothynnus spinulosus Turner, 1915.

Catocheilus klugii Guerin, 1842.

Hemithynnus apterus (Olivier), 1811.

Lophocheilus villosus Guerin, 1842.

Mao'othynnus simillimus (Smith), 1859.

Thynnoides fulvipes Guerin, 1838.

Elidothynnus melleus (Westwood), 1844.

Campylothynnus flavopictus (Smith), 1859.

Lestricothynnus nuMlipennis (Smith), 1879.
Belothynnus icnifasciatus (Smith), 1873.

Leptothynnus purpurei/pennis (Westwood), 1844.
Querinius flavilahris (Guerin), 1842.

Poffonothynmis fenestratus (Smith), 18 59.

Zaspilothyn/iius leachiellus (Westwood), 1844.
Thynnus dentutus Fabricius, 1775.

Iswaroides koehelei Ashmead, 1899.

Summary.

An illustrated account is given of the morphology of the head, thorax, abdomen
and their several sclerites and appendages. Special reference is made to selected

taxonomic characters as an aid to subsequent studies on Australian Thynnidae.

There is a general tendency in thynnids for small ridges, crests and spines to arise

on various portions of the body, especially on the frons, pronotum, anterior coxae,

posterior femora, abdominal segments and hypopygium. Particular attention has
been given to the features listed as follows:

The Head: 1. The frons; frontal ridges. 2. The clypeus; epistomal suture,

inter-antennal bridge; (a) dimensions of the median axis, (b) apex of the clypeus,

(c) median clypeal protuberance. 3. The occipital region; pollen pouch, occipital

suture, hypostomal bridge. 4. The antennae; (a) length, (&) diameter at base and
apex, (c) segments. 5. The maxillary palp and relative length of segments.

The Thorax: 1. Regions: pronotum, mesepisternum, scutellum and propodaeum.

2. Legs; (a) anterior coxae, (&) the second pair of coxae and the mesosternum,

(c) the posterior femora. 3. Fore-wing and venation.

The Abdomen: (a) The shape of the abdomen; (&) the moulding of the abdominal

segments; (c) the abdominal protuberances—median tubercle, projections borne by the

postero-lateral aspect of certain segments and dorsal ornamentation; (d) the pygidium;

and (e) the hypopygium.

Many of the characters which Turner contrasts in his couplets intergrade to such

an extent that their value in taxonomy is most doubtful, and it is only in species

where the generic characters are reasonably well developed that any certainty exists

in their arrangement into genera. Consequently, the determination of the systematic

position of many species is impossible until investigations in this group have been

further advanced.
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Comparative Morphology of the Male.

Shape and Size.

The general shape of the male • in thynnids varies from stout, robHst, thickset

forms, to examples which are elongate and very slightly built. As regards their size

there is considerable latitude; the largest known examples are Megalothynnus klugii

(Westwood) and M. poultoni (Turner), which are 35 mm. and 36 mm. respectively^

while the smallest species available to the present author measures 4-5 mm. and has-
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not yet been identified. In many species the size of the males is variable; for

example, in Oncorhinothynnus xanthospilus (Shuckard) the size ranges from a maxi-

mum of 2-7 cm. to a minimum of 1-8 cm.

The Head.

In these insects much interest centres in the head and the form of several of its

sclerites and appendages. There are typical frontal ridges which are characteristic

of all Thynnidae, while modifications occur in the structure of the clypeal, postgenal

and occipital regions, as well as in the form of the antenna and maxillary palp.

The morphology of the head and the anatomy of the tentoria can best be examined
in specimens which have been cleared in caustic alkali; however, without adequate

supplies of material, this is not always practicable. For convenience, therefore, the

illustrations in the present paper have been drawn from pinned specimens.

Table 1.

Dimensions of the Clypeus.

" Clypeus long " characterized Aspidotkymius in contrast to Epactiothynnus and Tmesothynnus in wliich the clypeus is

said to be " short ". Actual lengths are tabulated and for comparative purposes related to the dimensions of the

transverse axis. The ratio is expressed as a percentage.

Dimensions of Median Ratio of

and Transverse Axes of Median to

Clypeus. Transverse Taxonomic Cliaracter

Species. Axis

Expressed

Implied by Turner

in Generic Key of

Median Transverse as a 1910.

Axis. Axis. Percentage.

mm. mm. %
Epactiothynnus excellens 0-54 1-38 39 " Clypeus short."

Epactiothynnus jardini 0-62 1-26 41 * ) ) )

)

Tmesothynnus zelebori 0-68 1-5 46 , , ,

,

Epactiothynnus crabroniformis 0-86 1-51 53 , , ,

,

Aspidothynnus fossulatus .

.

0-78 113 70 " Clypeus long."

1. The Frons.

The frons was not mentioned by Turner in his generic key to the Thynnidae,

but it has, however, a special significance. In the Thynnidae and Myzinidae the

antennae arise from beneath frontal ridges or tubercles, contrasting with the Tiphiidae

and the Anthoboscidae,* in which the antennae arise from sockets with simple

reflexed rims and not from beneath frontal ridges or tubercles (Pate, 1947). On the

vertex there are three ocelli.

2. The Clypeus.

Both the peripheral region of the clypeus and the moulding of its median axis are

subject to modification. Firstly, appreciable differences can be recognized in (a) the

relative dimensions of the median to transverse axes, and (6) the width of the apex

of the clypeus compared with Its base. Secondly, the clypeus in very many thynnids

bears a median protuberance which is variable in contour.

Thynnid morphology has not yet been adequately described, thus the limits of the

clypeus in this family have never been defined. The epistomal suture, separating

clypeus from frons, arises near the junction of the eyes and genae to cross over the

narrow inter-antennal bridge which unites the clypeal protuberance with the frontal

ridges. There are species, such as Agriomyia trochanterina (Westwood) in which the

Anthoboscidae: Anthobosca australasiae Guerin, 1838, Port Jackson (Atlas, 1830, T. S,

f. 8), was the first described representative of this family. Its distribution is southern;

there are thirty-seven Australian, seventeen Ethiopian and eleven South American species

(Pate, 1947). This family was considered by Turner (1907), (1912), and later by Tillyard

(192G), to be part of the Scoliidae.
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epistomal suture is plainly visible in pinned specimens, but in many others it is

preferable to work from cleared heads in order that this suture may be fully displayed.

In forms in which the suture is indistinct, measurements of the length of the

median longitudinal axis were made from the clypeal apex to the centre of the

inter-antennal bridge. So that the length of the clypeus could be compared in

different species of the Thynnidae, the length of the median axis is related to the

Text-fig. 1.—Head of Asiridothynnus fossulatus Turner illustrating Turner's character

"clypeus long". It also illustrates the moulding of the clypeus, the inter-antennal bridge,

the antennae arising beneath frontal ridges, the genae, labrum, and the three ocelli.

Text-fig. 2.—Head of Asthenothynnus pulchellus (Klug) illustrating Turner's "clypeus

very narrowly truncate at apex".

Text-fig. 3.—Head of Leiothynnus mackayensis Turner ; to show what is meant by the

contrasted character "clypeus more broadly truncate".

(It is to be noted that in both these illustrations (Text-flgs. 2, 3) there Is an obvious
median clypeal protuberance and consequently neither of these species agrees with the

taxonomic character which was set down by Turner in his 1910 key.)

dimensions of the transverse axis, thus providing a basis for inter-specific comparison.

The transverse dimension of the clypeus was taken as the entire width of its oral margin

and the ratio of medial to transverse axes is expressed as a percentage.

(a) The dimensions of the median axis.

The length of the median axis of the clypeus refers in particular to Aspidothynnus

Turner (Text-fig. 1). The taxonomic character coined by Turner, "clypeus long",

is supposed to separate the four species of Aspidothynnus from its converse, "clypeus

short", which presumably should apply to all the thirty-four species grouped in the

genera Gymnothynnus Turner, Epactiothynnus Turner and Tmesothynnus Turner.
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(6) The apex of the clypeus.

The taxonomic characters in Turner's key, reading "clypeus broad at the apex
Glaphy7'othynnus" , separates Zelehoria Saussure (Text-fig. 4) from "clypeus narrow at

the apex, not large", which is characteristic of Psammothynnus Ashmead (Text-fig. 5),

Phymatothynnus Turner (Text-fig. 6), Neozeleboria Rohwer, Asthenothynnus Turner
(Text-fig. 2) and Leiothynmis Turner (Text-fig. 3).

Grouped in this taxonomic character, "clypeus narrow at the apex", are the genera
Leiothynnus and Asthenothynnus. The couplet given for their separation reads:

"clypeus very narrowly truncate at the apex" Asthenothynnus and "clypeus more
broadly truncate" Leiothynnus.

Illustrations are given in Text-figures 2 and 3, and an analysis of Turner's

observations by actual measurements of the clypeus is set out in Table 2. The

Table 2.

The Dimensions of the Clypeus at the Apex and Base.

As a taxonomic character, the relative width of tlie clypeus was used by Turner and an attempt is made here to

estimate the value of such comparisons as " clypeus broad ", " narrow " and " very narrow ". For the species listed

in this table, apical and basal dimensions are given, and in order to simplify inter-speciflc comparison, the ratio of the

apex to the base is expressed as a percentage. The species marked with an asterisk are type species.

Ratio of
Dimensions of Apical to
Clypeus at Basal Taxonomic Character ImpUed

Species. Dimensions

Expressed

by Turner in Generic Key
of 1910.

Apex. Base. as a

Percentage.

mm. mm. %
Asthenothynnus decoratus 016 1-02 16 " Clypeus very narrowly truncate

at apex."

Asthenothynnus pulchellus* .

.

0-25 1-12 22 ,, ,, , , ,,

Asthenothynnus pulchellus* . .
0-28 1-12 25 ,, ,, ,, ,,

Phymatothynnus nitidus 0-42 1-69 25 " Clypeus narrow at apex, not

large."

Asthenothynnus maritimus 0-31 1-15 27 " Clypeus very narrowly truncate

at apex."

Psammothynnus depressus* .

.

0-43 1-59 27 " Clypeus narrow at apex, not

large."

Neozeleboria sexmaculata* 0-59 2-13 28
, , ,, , , ,,

Aulacothynnus femoratus* 0-43 1-5 29
, , ,, , , ,

,

Leiothynnus mackayensis* 0-51 1-44 35 " Clypeus more broadly truncate."

Zeleboria marginalis .

.

0-72 1-77 41 " Clypeus large, broad at apex."

Zeleboria carinata 0-78 1-83 43 » ) > » »

,

Zeleboria xanthorrhoei* 0-81 1-66 49 "

dimensions of the apex of the clypeus are given for a dozen species and, for comparison,

are related to the transverse dimensions of the clypeus at its base. In order that

the dimensions of the apex of the clypeus may be compared in different species, the

ratio of the width of the apex to base is expressed as a percentage.

As an example of the discrepancies which appear in Turner's writings, we find

that of the sixty-one species included in the six genera Psammothynnus, Phymato-

thynnus, Neozeleboria, Aulacothynnus, Asthenothynnus and Leiothynnus there are at

least nine descriptions given in which Turner deliberately contradicts his chosen

taxonomic character: "clypeus narrow at the apex". Thus there are at least 15%
of the species in this group which disagree with his definition as stated in the generic

key of 1910. These species are Asthenothynnus innocuus, Psammothynnus kershawi,

Psaminothynnus rubricans, Phymatothynnus pygidialis, Neozeleboria acla, Neozeleboria

alexanclri, Neozeleboria carinicollis , Neozeleboria proxima, and lastly, according to the

descriptions given by Turner, even the type species Neozeleboria sexmaculata, selected

by him to represent that genus, fails to conform to the prescribed taxonomic character

on which the genus was defined. Comparative widths of the apex were also used by
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Turner to separate the twenty-one species of Epactiothynnus from the several species

in his genus Gymnothynnus, but it is difficult to interpret this section of his key.

(c) The median clypeal protuberance.

The clypeus in many thynnids bears a median protuberance which is variously

modified. To Turner, the structure was known as a median carina, but as it is not
necessarily shaped like a keel, median protuberance is a preferable term. There are

three forms of median protuberance: (i) subspherical, (ii) carinate, and (iii) non-
carinate. The first example attains maximum development in Zeleboria Saussure,

Text-flg. 4.

—

Zeleboria xanthorrhoei (Smith), (a) Head to illustrate Turner's character

—

"clypeus large, convex, broad at the apex, with a median carina". (6) Head from apical

aspect to show shape of carina.

Text-flg. 5.

—

Psamniothynnus depressus (Westwood). (a) Head illustrating Turner's

statement—^"clypeus with carina". (6) Head from apical aspect to show shape of carina; in

this flgure the apex of the clypeus is obscured by the mandibles and their upper edges
are indicated by a broken line.

Text-flg. 6.

—

Phymatothynnus nitidus (Smith), (a) Head illustrating Turner's statement

—

"clypeus without carina". (ft) Head from apical aspect to show shape of carina.

and in this genus it is predominantly rounded and subspherical. The second type of

protuberance is distinctly ridge shaped; it consists of two planes meeting along the

medial axis, thus giving rise to a gable-like structure as in roofing, which can

appropriately be called carinate, as i?t bears a resemblance to a keel. Such an example

is Psammothynnus deiJressus (Westwood). In the third instance there are five

associated genera defined by Turner in his key as "without a carina", and here

the median protuberance is not so strongly accentuated, but none the less a carina

still occurs. These three examples of clypeal modifications are illustrated by Zeleboria
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xanthorrhoei (Text-fig. 4), Psammothynnus depressus (Text-fig. 5) and Phymatothynnus
nitidus (Text-fig. 6).

(i) The subspherical protuberance.—This type of protuberance occurring in

Zeleboria (Text-fig. 4) shows the maximum degree of development. Here the clypeus

is extended to form a large, convex dome which occupies its whole surface. Its

convex nature had, in fact, been selected by Ashmead (1903) in redescribing Saussure's

genus. The descriptions given of the nine species in this genus all agree regarding

the inflated form of the protuberance, and its subspherical shape does not always

resemble a keel as the term carina would suggest.

It is worth noting here that Thynnus carinatus Smith was selected by Henri

de Saussure as the type species for his genus Zeleboria, and that Turner, disregarding

the rules of nomenclature, transferred Zeleboria carinata (Smith), together with

Thynnus xanthorrhoei Smith, to his new genus Glaiihyrothynnus Turner, 1910, and
made G. xanthorrhoei the type species of his genus. But since Zeleboria was tied by
Saussure to Zeleboria carinata in 1867, the inclusion of this species in Glaphyrothynnusr

Turner, 1910, meant that Turner had only proposed Glaphyrothynnus as another name
for an existing genus. Saussure's comment on this species reads: "ausser dass der

Clypeus wie bei Thynnus gebildet . . .", and also: "dass der Kiel des Clypeus sich bis

am Vorderrand erstreckt;".

(ii) The carinate protuberance.—The presence of this ridge was utilized by Turner

to separate the genus Psammothynnus, in which a carina occurs, from Phymatothynnus
Turner, Aulacothynnus Turner, Neozeleboria Rohwer, Asthenothynnus Turner and

Leiothynnus Turner, in which such a carina is said by him to be absent. The presence

of a carina in the five species of Psammothynnus is supposed to distinguish them from

a total of fifty-four species included in the genera listed above. In refuting Turner's:

statement, attention is directed to Asthenothynnus pulchellus (Text-fig. 2) and
Leiothynnus macTcayensis (Text-fig. 3), in which a well-developed carina is clearly

shown.

Unfortunately, it is found once more that Turner's descriptions of the species in

these genera conflict with his generic characters. Turner stated in the key that the

clypeus was without a carina in the foregoing genera; while in describing twelve of

the fifty-four species concerned he clearly stated that there is a carina present on
the clypeus. Thus at least 22% of his descriptions do not conform to the taxonomic
characters which he had previously stipulated in the generic key. These species arer

Phymatothynnus derelictus, Phymatothynnus pygidialis, Phymatothynnus pygidiophorus^

Phymatothynnus zenis, Phymatothynnus nitidus, Neozeleboria polita, Asthenothynnus
beatrix, Asthenothynnus innocuus, Asthenothynnus penetrans, Asthenothynnus
pygmaeus, Asthenothynnus rubromaeulatus and Asthenothynnus vicarius.

(iii) Clypeus ivith reduced carina.—The genera concerned, if we were to accept

Turner's key literally, are Phymatothynnus, Aulacothynnus, Neozeleboria, Astheno-
thynnus and Leiothynnus, but a fiat clypeus devoid of any carina apparently was never
Implied here by him. On the contrary, examination of such examples as Astheno-

thynnus pulchellus (Klug) (Text-fig. 2), Phymatothynnus nitidus Smith (Text-fig. 6)

and Leiothynnus macTcayensis Turner (Text-fig. 3) shows that the median protuberance

is present and well developed, despite his taxonomic character given in the generic

key. An attempt to show the nature of this median protuberance in Phymatothynnus
nitidus is made in Text-fig. 6.

3. The Occipital Region.

The head in thynnids is concave on the ventral surface and within this concavity-

the neck is received. This concavity reaches its maximum development in Tachynomyia
Guerin (Text-fig. 7), and here the genae are expanded and heavily fringed with long

hairs. In Tachynomyia a saucer-like cavity is formed which serves as a pouch in which
pollen and nectar are stored, and in some pinned specimens this pouch may still

contain dried pollen. Turner used this structure as a taxonomic character to separate

Tachynomyia from other genera and his key reads: "head very strongly hollowedl

beneath, with a fringe of long recurved hairs on the sides". Unfortunately Megalo-
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thynnus Turner was bracketed with this genus; however, there is no phylogenetic

relationship between them and the occipital cavity present in this giant thynnid is

relatively no greater than it is in other genera.

The occipital concavity appears to be bounded by the occipital suture and its

invaginated fold or ridge. The size of this concavity seems to depend on the distance

of the occipital suture from the foramen. Between the occipital foramen and the

submentum are extensions of the post-genal region, which by fusion give rise to a

hypostomal bridge which separates the submentum and the occipital foramen. This

hypostomal bridge is frequently supported internally by a tentorial bridge which is

associated laterally with the cornua of the occipital fold. Many cleared specimens

have been prepared and illustrated and the results of these morphological studies

will be embodied in a subsequent paper. A graded series showing modifications of

the hypostomal bridge and the lateral extension of the occipital suture has been

figured by Given (1954).

4. The Antennae.

In the antennae the scape and pedicel are distinct and there is a flagellum of

eleven segments. In thynnids the antennae are comparatively uniform, but modifications

occur in the length, breadth and perhaps the form of the segments. Above their

insertions there are frontal crests or ridges which are said to be present in all the

Thynnidae but absent in the Anthoboscidae.

(a) Length of the antennae.

In some examples the antennae are so long that they reach the third abdominal

segment, while in others they are so short that they do not extend even to the

tegulae. The length of the antennae is used as a taxonomic character in two separate

sections of the generic key of 1910, and according to Turner, short antennae are a

feature of Asthenothynnus, Leiothynnus and Gyinnothynnus . To express the length of

the antennae in his couplets. Turner made comparisons with the regions of the thorax;

thus the extension of the antennae beyond either the pronotum, mesonotum, metanotum
or the propodaeum became a convenient scale for inter-specific comparison. However,
the thoracic structures are variable in length and appreciable differences exist,

particularly between the proportions of both pronotum and propodaeum. Therefore,

as Turner's measurements were based on a set of inconsistent standards, comparison

of antennal lengths within the whole family was an impossibility and was restricted

to the confines of certain groups of genera.

In an unidentified species of Tachynomyia, measuring 14 mm. in length, the

antennae are 11 mm. long, while there are species of Rhagigaster Guerin and Eirone

Westwood in which the antennae scarcely reach as far as the wing bases. In

Leiothynnus mackayensis and Gymnothynnus gilberti the reduced antennae do not

extend beyond the thoracic boundaries.

Unfortunately, in separating Asthenothynnus from Neozeleboria, Turner used the

phrase "antennae considerably shorter than head, thorax and median segment
combined"; however, it cannot be said that this qualification applies to all the species

of Asthenothynnus, as was supposed; in fact, neither Asthenothynnus lilliputianus nor

Asthenothynnus pleuralis conforms to Turner's characters in regard to the length of

the antennae.

(&) The diameter of the antennae at base and apex.

In some species of Hemithynnus Ashmead, Lophocheilus Guerin, Macrothynnus
Turner and Leptothynnus Turner, the antennae taper distally. This gave Turner yet

another taxonomic character. Antennae with slenderer apices were supposed by him
to distinguish Hemithynnus and Lophocheilus from one group and Macrothynnus and
Leptothynnus from another.

(i) Hemithynnus and Lophocheilus.—The apical segments of the antennae are

described as "much slenderer ' than basal" in Lophocheilus with its fourteen species,

and Hemithynnus with twenty-four species, while by contrast the apical segments are

described as "little if at all slenderer than basal" in Thynnoides (fourteen species).
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Elidothynnus (fourteen species), Campylothynnus (three species), Lestricothynnus

(sixteen species) and Belothynnus (five species). Thus an attempt is made in this

generic key to distinguish between a group of thirty-eight species in which the apex

Text-fig. 7.

—

Tachynomyia adusta (Smith). Head from postero-lateral aspect to show the

occipital concavity.

Text-fig. 8.—Antenna of Hemithynnus apterus (Olivier), in which the apical segments are
said to be much slenderer than basal.

Text-fig. 9.—Antenna of Thynnoides fumipennis (Westwood). In this example the apical

segments are said to be "little if at all slenderer than basal".

Text-fig. 10.—Antenna of Guerinius shuckardi (Guerin).
"antennae not slender at apex".

The phrase used here reads

is supposed by Turner to be "much slenderer" and a group of fifty-two species in

which the apex is said to be "little if at all slenderer". This is most confusing and
in order to demonstrate the similar nature of the characters which Turner has

contrasted here, the antennae of Hemithynnus apterus and Thynnoides fumipennis are
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illustrated (Text-fig. 8 and Text-fig. 9). It is anticipated that this character will be

found to be of little value in taxonomy.

(ii) Macrothynnus and Leptothynnus.—"Antennae slenderer at the apex" is the

taxonomic character which Turner used to separate the five species included in

Macrothynnus Turner and LejJtothynnus Turner from its converse: "antennae of even

thickness throughout", which characterizes Guerinius Ashmead, Pogonothynnus Turner,

Zaspilothynnus Ashmead and Thynnus Fabricius (see Guerinius shuckardi (Guerin),

Text-fig. 10).

(c) Segments arcuate.

There is a tendency in some species for the long axis of each segment to become
curved or arcuate. In Phymatothynnus Turner, "the apical joints of the antennae are

very strongly arcuate", as is apparent in Phymatothynnus nitidus. The antennae are

rather feebly arcuate in many thynnids and this character was employed by Turner
to contrast the genera Lestricothynnus Turner and Thynnoides Guerin, in which the

apical joints are feebly arcuate, from the genera Belothynnus Turner, Elidothynnus

Turner and Campylothynnus Turner, in which the converse—"apical joints of the

antennae not arcuate"—is used as a taxonomic character. The species thus contrasted

by this character include the thirty species in Thynnoides and Lestricothynnus, which
are slightly arcuate, and twenty-two in the remaining genera, which are said to be

non-arcuate.

5. The Maxillary Palp.

There are six segments in the maxillary palp in thynnids and these segments

•differ in length in different genera. The relative proportions of the segments of the

maxillary palp were given by Turner in his descriptions of the genera in 1910. It is

presumed that his definition of each genus applied to the type species, but it is by
no means certain that the segments of the maxillary palp are relatively constant

within the limits of each genus, or whether these structures have any taxonomic

significance at the generic level. The maxillary palps have been examined in a

number of species.

There is an extraordinary contradiction in several couplets of the 1910 key

regarding the use of the maxillary palp as a taxonomic character. This applies to

Ariphron Erichson, 1842, and Neozeleboria. The length of the segments of the

maxillary palp was used by Turner to separate Ariphron (Text-fig. 11) from seven

other genera. In Ariphron "the three apical joints of the maxillary palpi are very

long and slender" and contrasted with this couplet follows: "the three apical joints

of the maxillary palpi not elongate or much less so". Seven genera are grouped here

and, strange though it may seem, two of these, Neozeleboria and Aulacothynnus , are

defined by a taxonomic character which reads: "The three apical joints of the

maxillary palp moderately elongate, the fourth joint the longest." (See Text-fig. 12.)

Illustrations of Ariphron bicolor and Neozeleboria sexmaculata show that there is no

appreciable difference between the palps in these two species, yet their separation

was attempted by these definitions in the 1910 key.

A comparison was given of the length of the segments of the maxillary palp for

each genus described in the Genera Insectorum, 1910. In some species there are

certain segments which are said by Turner to be longer than others, and an
investigation was made by the present author to test the value of the information

lie supplied. Presuming that the description of a genus at least applies to its own
type species, permanent preparations mounted in balsam were made of the maxillae

•of a number of examples. The dimensions of the segments of the palp were measured
for a dozen different species by me^ans of an optical micrometer, and it was very

evident that significant results could only be obtained by dissecting a large series of

individuals. As this was imiJossible, the figures obtained have not been tabulated

in the present paper. Illustrations of the mouthparts, with notes on the feeding

habits of certain thynnids, are supplied by Given (1954).
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12

14

Text-fig. 11.—Head of Ariphron tryphonoides (Smith), drawn from the ventral surface to

illustrate the character which Turner used—"the three apical joints of the maxillary palpi

very long and slender".

Text-fig. 12.—Head of Neoselehoria sexmaculata (Smith) drawn from the ventral surface

to illustrate the taxonomic character—"three apical joints of the maxillary palpi moderately
elongate, the fourth joint the longest".

Text-figs. 11 and 12 show the apex of the clypeus, the tips of the mandibles, the labial

and maxillary palps, neck and the fore-coxae.

Text-fig. 13.—Right fore-coxa of Thynnoides fumipennis (Westwood) drawn from the
ventral surface to illustrate the taxonomic character—anterior coxae very strongly concave
beneath.

Text-fig. 14.—Left posterior femora of Aulacothynnus femoratus (Turner), which bears
an extraordinary tubercle on its post-axial surface.
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The Thorax.

The thorax presents a great deal of interest and a study of its comparative

morphology in the type species of the genera of Thynnidae is giving some profitable

results, which will be embodied in a subsequent work. Reference here is confined to

the pronotum, portion of the mesopleuron, scutellum and propodaeum.

1. The Regions of the Thorax.

The Pronotuvi: The length of the median axis of this structure is variable and
in some species the antero-dorsal aspect is elevated to form a transverse crest which
may even be extended laterally into projections; this crest is in close proximity to

the occipital region of the head.

The Mesepisternum: Contrasted with the family Pompilidae, the mesepisternum in

Thynnidae, Scoliidae and their allies is not divided by the median episternal groove

into "lower and upper portions" (Brues et al., 1954, with modifications after Snodgrass,

1910).

The Scutellum: This sclerite may be elevated to a greater or lesser extent.

The Propodaexim: It was known to Turner as the median segment and several

types can be recognized. One important variable is the length of its median axis, and
this is so reduced in some species that the propodaeum forms an almost vertical

wall to the thorax. In thynnids in which this structure is not excessively reduced, the

propodaeum either tends to narrow gradually, thus forming a conical structure, or by
contrast its sides may tend to become inflated and its shape is thus almost rounded.

2. The Legs.

As in Scoliidae and Tiphiidae, the legs in thynnids are not excessively elongate

and the posterior femora do not extend beyond the apex of the abdomen. This is one

of the many differences between the Thynnidae and the Pompilidae.

(a) Anterior coxae.

In some species the anterior coxae are flattened, while in others they are even

laterally expanded. This expansion varies in extent and it would be possible to select

a graded series of species to demonstrate the range of its development. In some

species the coxae have a plain, flattened surface, while there are others in which the

lateral expansions of the fore-coxae are only slightly developed. In others still this

surface is slightly concave, while the series reaches its peak in forms in which the

coxae bear deep concavities formed by the expansion and inflexion of their edges

(Text-fig. 13). Turner attempted to use these coxal cavities in his generic key. The
presence of such concavities in the thirty species comprising Lestricothynnus and
Thynnoides (Text-fig. 13) was used to separate these two genera from the supposed

absence of such cavities in the twenty-two species included in Belothynnus, Elido-

thynnus and Cavipylothynnus. It is worthy of note, however, that similar coxal

cavities are present in genera other than Lestricothynnus and Thynnoides. The
presence of coxal cavities is not limited, therefore, to the thirty species belonging

to these two genera, and furthermore, on account of the intergradient nature of this

taxonomic character, distinction is impossible between the sixteen species in Turner's

"feebly concave" Lestricothynnus and the fourteen species characterized by his "very

strongly concave"

—

Thynnoides (Text-fig. 13).

In species in which the fore-coxae are concave, it seems safe to assume that these

saucer-like pouches, facing the mouth, would become packed with pollen and honey.

As in Tachynoviyia, with its suboccipital concavities, coxae of this pattern would
provide a reservoir of food for the female partner.

(&) The second pair of coxae and the mesosternum.

The taxonomic character given by Brues, Melander and Carpenter (1954) reads:

"Mesosternum with two laminae that overlie or project between the bases of the

middle coxae and usually extend ta the mid-line where they are separated by a

median suture." This feature characterizes the families Thynnidae, Anthoboscidae

and Tiphiidae (including Myzini'dae), and is contrasted with the couplet, "Mesosternum
simple, without appendages behind, or with the laminae reduced to a pair of minute
tooth-like projections", which applies to the Sapygidae, Methocidae and the Myrmosidae.
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The proximity of the second pair of coxae was used as a taxonomic character by
Imms (1951). The keys given by that author state that in Scoliidae the middle coxae

are widely separated, as in Brues et ah; in the Thynnidae the middle coxae are usually

separated by a triangular or bilobed projection of the mesosternum, while Imms states

that in the Myrmosidae and the Mutillidae the middle coxae are contiguous.

(c) The posterior femora.

In Aulacothynmis femoratus (Turner) and Aulacothynnus calcaratus (Smith) there

is a most extraordinary spine-like outgrowth arising from the post-a,xial surface of the

hind femora. The presence of this tubercle distinguishes Aulacothynnus in which
only two species are recognized, from Neozeleboria. Specimens of Aulacothynnus are

rarities in the collections of the museums of the Commonwealth of Australia. A
spine or tubercle on the femur is distinctive in Thynnidae (see Text-fig. 14), for,

although spines, ridges and crests occur elsewhere in these Hymenoptera, a femoral

projection is most conspicuous. A thick stout spine is present on the post-axial surface

of the femur of Megalothynnus poultoni (Turner), and there is a distinct prominence

in M. klugii (Westwood), which is apparent in that author's illustrations.

3. The Fore-Wing.

In general the venation in Thynnidae shows a remarkable consistency, except

for minor differences in the relative dimensions of the various veins, cross-veins and
cells in different species. It is probable that such minor differences could be of

value at the generic and even specific level. Thynnid wing-venation has been

recognized as a means of separating these insects from their allies since the days of

Latrielle, Jurine and Lepeletier, and in recent works its value is still recognized. As
the families Methocidae, Myrmosidae and Myzinidae are absent from our fauna,

Tillyard used the extension of the wing-venation to the wing margin to separate the

Australian Thynnidae from the Scoliidae and Mutillidae. One feature of particular

interest is used by Brues et al. (1954), Pate (1947) and others; it consists of a

curious little spur or veinlet which forms a small cell immediately behind the

pterostigma. It is adequately described in "Histoire Naturelle des Insectes", Lepeletier

de Saint Fargeau (1845), which reads: "Garacteres des ailes. Une radiale ovale,

grande. Quatre cubitales; la premiere separee en deux par une nervure descendant

de la cote sans atteindre le cubitus. La seconde regoit la premiere nervure recurrente.

La troisieme cubitale regoit la deuxieme recurrente. La quatrieme, assez courte,

atteint le bout de I'aile."

Regarding thynnid wing-venation, there are various terminologies in use by

hymenopterists. Brues, Melander and Carpenter (1954) state: "Wing-venation of male

complete and extending out to the tips of the wings, three closed cubital cells, the

first usually divided at least partially by a spur from the first intercubitus"; while

Pate's terminology differs slightly and reads: "Fore-wings with the first submarginal

cell more or less divided by a spur from the first transverse cubital vein"; and
Tillyard (1926) gave the following interpretation: "The fore-wing has cells Ir and 2r

partly united, only a small spur indicating their original separation by the cross vein

rmi . . .
." The spur to which Lepeletier refers in 1845 was thus regarded by

lillyard as the first radio-median cross-vein 7-mi arising from near the base of his

ilfi+2 and therefore, according to that worker, corresponded to the first radio-median

cross-vein in Sirex sp. (Siricidae), a member of the Chalastrogastra, which are

apetiolate Hymenoptera far removed from the Thynnidae.

Once again, Diamma bicolor Westwood, subfamily Diamminae, is found to differ

from both the subfamilies Rhagigasterinae and the Thynninae, and it could be said

that no cross-vein or spur rm-i^ exists in Diamminae. However, an examination of the

wings of twelve specimens shows that in eight the spur is entirely absent, while in

four one or more small, fragmentary, disjointed filaments can be demonstrated, which
are situated in the general position usually occupied by rm-^. Furthermore, whereas it

is usual in thynnids to find that the cross-vein rm-^ arises from a kink in the first

transverse cubital vein (= base of lfi+2), in Diamma Mcolor .the kink is absent, and
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is represented instead by a weakened perforation in the first transverse cubital at

the point where rni-^ would be expected to arise (Text-fig. 15).

The family Vespidae may be distinguished from the Scoliidae, Thynnidae and
Tiphiidae by wing-venation, and this could be of some interest, since both Tillyard

17 18

Text-flg. 15.—Right fore-wing of Diamma bicolor Westwood, in which mcu^ meets M^_^_^

on the proximal side of im^.

Text-fig. 16.—Right fore-wing of Oncorhinothynnus xanthospilus (Shuckard). In this

example nicUg and inij are said to be "interstitial".

Text-fig. 17.—Right fore-wing of Epactiothynnus crabroniformis (Smith).

Text-fig. 18.—Right fore-wing of Thynnoides fumipennis (Westwood).

As illustrated, it is usual to find mcu^ meeting M^^^ on the distal side of im^. However, the

proximity of these two cross-veins is variable. Text-figures 17 and 18 attempt to illustrate

the meaning of the couplet reading : "Second recurrent nervure received very near the base
of the third cubital cell", and its converse—"Second recurrent nervure received by the third

cubital cell not very near the base".

Terminology Used in Wing-venation.

Tillyard's System. The Jurinian and Other Systems.

M,+, . . Fused first and second median vein

:

Basal piece. 1st transverse cubital (=lst intercubitus).

Distal piece. Radius.

M,+, . . Fused third and fourth median vein. Cubital.

rmi . 1st radio-median cross-vein. Spm: on 1st transverse cubital vein.

imi . 1st intermedian cross-vein. 2nd transverse cubital.

inii . 2nd intermedian cross-vein. 3rd transverse cubital.

mcUi . 2nd medio-cubital cross-vein. 1st reciu:rent.

mcu3 . 3rd medio-cubital cross-vein. 2nd recurrent.

Ir . 1st radial cell. 1st cubital cell (=lst submarginal cell).

3r . 3rd radial cell. B,adial cell (=2nd radial cell).

Im . 1st median cell. 2nd cubital cell (=2nd submarginal cell).

2m . 2nd median celL 3rd cubital cell (=3rd submarginal cell).

3m 3rd median cell. 4th cubital cell (=4th submarginal cell).

Ism . 1st submedian cell. 1st discoidal cell.

2sm . 2nd submedian cell. 2nd discoidal cell.

bm . Basimedian cell. Subcostal cell (=median ceU).

bcu . Basicubital cell. Median cell (=submedian cell).

and Imms (1951) classify these insects together in the superfamily Vespoidea. The

couplet in Brues et al. (1954) reads: "First discoidal cell (= Ism) shorter than the

submedian cell (= hcu)";* this includes the Tiphiidae, Thynnidae etc., and is

contrasted with "first discoidal cell (= Ism) very long, as a rule much longer than the

submedian cell (= bcu)", which applies to the Vespoidea. In consequence the Tiphiidae

* Tillyard's notation is given in parentheses.
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and Thynnidae stand apart from the Vespidae on account of their wing-venation as

well as the form of the posterior lateral lobes of the pronotum. To show the

phylogenetic relationship of the families Bradynobaenidae, Myrmosidae, Anthoboscidae,

Tiphiidae, Myzinidae, Thynnidae and Methocidae is most desirable (Pate, 1947); how-

ever, to achieve this, use of the taxonomic category—superfamily—seems most logical.

It is suggested here that this assemblage be grouped into the superfamily Tiphioidea

and thus separated from the superfamily Vespoidea.

As regards minor differences in thynnid wing-venation, one important variable is

the position of the third medio-cubital cross-vein mcu^ in relation to the intermedian

cross-vein im-i^, upon the vein M^+i. Tillyard's interpretation is used here, and for

convenience the above statement is repeated in the older notation with Tillyard's

lettering given in parentheses and reads thus: "The position of the junction of the

Table 3.

The Dimensions of the "Cubital Nervure" (=M3+i).

The third medio-cubital cross-vein mcus is received by M3+4 either " very near " or " not very near " to the first

intermedian cross-vein mj. In the table that follows, the distance between the junction of irrii and meua is given for

ten examples. For comparative purposes the proximity of inii and mcua is expressed as a percentage in relation to the

distance between irrii and iwo.

Species,

Dimensions of M3+1
between

Proximity

Expressed

as a

Percentage

Ratio.

Description Given in Turner's

irrii and

meu^.

irrii and

im^.

Generic Key of 1910.

Oncorhinothynnus xanthospilus

mm.
0-17

mm.
2-73

%
6 " 2nd recurrent nervure interstitial

with 2nd transverse cubital

nervure."

Tmesothynnus zelebori .

.

Aspidothynnus rostratns

Epactiothynnus crabroniformis

014
0-12

0-17

1-41

107
1-34

10

12

13

" 2nd recurrent nervure received

very near the base of the 3rd

cubital cell."

Hemithynnus apterus .

.

Belothynnus unifasciatus

Thynnoides fumipennis

Elidothynnus melleus

Campylothynnus assvmilis

Lophocheilus villosus .

.

0-76

0-76

0-56

0-76

0-7

1-01

3-81

3-21

2-15

2-83

2-55

2-86

20

24

26

27

28

35

" 2nd recurrent nervure received

not very near the base of the

3rd cubital cell."

second recurrent vein (= metis) varies in its relation to the second . transverse cubital

vein (= im-i) on the (so-called) cubital vein (= M3+4)." (Text-figs. 15-18.)

Certain variations occur in the union of the second recurrent vein (= mcu^) with

this so-called cubital vein (= If3+4). These variations fall into three categories:

(i) upon the proximal side of the second transverse cubital vein (=: imj^) and thus on

the second cubital cell (= Im) (Text-fig. 15) ; (ii) in contact with the second transverse

cubital vein (Text-fig. 16); (iii) on the distal side of the second transverse cubital

vein, that is by the third cubital cell (= 2m) (Text-figs. 17 and 18). In this last

instance the junction of the second recurrent vein (= mcus) may be either close to

or some little distance from the second transverse cubital vein (= imi)

.

The form taken by this second recurrent vein (= mcUs) is of importance, as it is

the principal taxonomic character which separates the subfamily Diamminae from the

subfamilies Rhagigasterinae and the Thynninae. For the second cubital cell (= Im)
to receive the second recurrent nervure as well as the first is an aberrant feature and
occurs only in the monotypic Diamma hicolor. This feature was recognized by

Shuckard (1835) in his description of Psamatha chalybea, which later was shown to

be the male form of Diamma. It is the only known thynnid in which the second

recurrent, together with the first recurrent (= mctto), is received by the second cubital
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cell (=: Im), and the assignment of Diamma to the family Thynnidae has been questioned

by Clausen (1940). Contact between the second recurrent (= mcu^) and the second

transverse cubital (= iin^) is found in the monotypic species Oncorhinothynnus xaniho-

spilus (Shuckard, 1841) (Text-fig. 16). For some one hundred and twenty-eight species

the distance separating the junctions of the second transverse cubital and the second

recurrent nervures was used by Turner in the following couplet: "Second recurrent

nervure received very near the base of the third cubital cell." This is supposed to

separate Aspidothynnus, Gymnothynnus , Epactiothynnus, Tmesothynnus and Catocheilus,

in which there are forty species from "Second recurrent nervure received by the third

cubital cell not very near the base", which includes eighty-eight species in Hemithynnus,
Lopfioclieilus , Thynnoicles, Lestricothynnus , EUdothynnus , Gampylothynnus and
Belothynnus.

Unfortunately, Turner's "very near" and "not very near" are ill defined and the

character intergrades over the range of some one hundred and twenty-eight species.

There are many species in this group of genera, however, which cannot be placed

with certainty into either division of this couplet, and thus, like so much of the 1910

generic key, it is doubtful if Turner's couplet has any real significance. Several

measurements are supplied in Table 3, and illustrations are given of the wings of

Epactiothynnus crabroniformis (Smith) and Thynnoides fumipennis Guerin (Text-figs.

17 and 18).

The Abdomen.

In the abdominal region there are eight segments and a hypopygium. The first

segment is the propodaeum, which has already been considered with the thorax, and

the second is constricted at its base to form the petiole. Thus, the gaster is composed

of seven segments and, consequently, the apparent seventh, segment is morphologically

the eighth. At the posterior end of the ultimate sternite is the hypopygium. Between
the sternites of the apparent first and second abdominal segments there is a deep

groove present in Thynnidae, Myrmosidae, Mutillidae and Scoliidae. The modifications

occurring in abdominal morphology may be summarized as follows: (a) the abdomen
varies in shape, (6) the individual segments are variously moulded, and (c) spines and

protuberances are present on certain segments.

(a) The shape of the abdomen.

The shape of the abdomen is far from uniform, and since there are modifications

in the dimensions of the longitudinal, transverse and median vertical axes, several

important taxonomic characters have been derived from its general appearance.

Examples will be illustrated in a subsequent paper.

Firstly, its longitudinal axis is often elongated. Secondly, its transverse axis may
be uniform throughout, or it may be narrower at both base and apex, as in the

lanceolate forms, or the widest axis may be basal, as in the conical forms. Thirdly,

the median-vertical axis is of much significance, as the ratio between median-vertical

axis and transverse axis is such that the abdomen often has a fiattened appearance.

The various types of abdomen gave Turner valuable taxonomic characters which he

used in his attempts to form a classification. Turner applied the taxonomic character,

"abdomen flattened", to the following genera: Ariphron, Psam,mothynnus, Phymato-

thynnus, Zeleboria, Aulacothynnus , Neozeleboria, Asthenothynnus and Leiothynnus.

Contrasted with this is the character, "abdomen not flattened", which naturally is

applicable to the species with a cylindrical abdomen; however, in many species the

abdomen is elliptical in transverse section, and thus it appears to be slightly flattened

dorso-ventrally. As a consequence. Turner's expression is a little misleading.

That it is difficult to distinguish between Turner's so-called "abdomen flattened"

and his "abdomen not flattened" is illustrated by Table 4. Here the dimensions of the

median-vertical and transverse axes are given and the ratio is expressed as a percentage.

Fourteen examples were used, and of these all but two are the type species of their

corresponding genera. As usual the extremes are easily separated, but in the "flattened"

group, there are a number of examples in which the median-vertical to transverse ratio
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exceeds even some of those which are included in the "not flattened" group. To
separate all of the eighty species in the "flattened" section from the remainder by

this taxonomic character is scarcely practicable.

(6) The moulding of the abdominal segm,ents.

The abdominal segments differ in shape in different species. There are numerous
examples in which each segment is uniform in diameter throughout its length, while

in others the individual segments are constricted to a greater or lesser extent at each

end. Such intersegmental constrictions are a feature of Lophocheilus and Thynno-

turneria but they are not found in Hemithynnus (Text-fig. 19).

Table 4.

Dimensions of the Median-vertical and Transverse Axes of the Abdomen.

Turner's generic key attempts to separate approximately 80 species from 250 species by tlie taxonomic character
" abdomen much flattened, more or less fusiform " vs. " abdomen not flattened ". Vertical and transverse dimensions

and the percentage ratio are given in this table for 14 species. The intergradient nature of this division is illustrated

by a comparison of the percentage ratio and the taxonomic character given by Turner. The species marked by an
asterisk are type species.

Median-vertical Ratio of

and Transverse Median-

Dimensions. vertical to

Species. Transverse

Axis

Taxonomic Character Implied

by Turner in Generic Key
Median- Transverse Expressed of 1910.

vertical Axis. as a

Axis. Percentage.

mm. mm. %
Zeleboria xanthorrhoei* 1-07 2-25 48 " Abdomen much flattened : more

or less fusiform."

Phymatothynnus nitidus 1-13 2-08 54

Aulacothynnus femoratus* 0-97 1-66 58

Ariphron bicolor* 1-54 2-49 62

Psammothynnus depressus* 1-5 2-39 63

Neozeleboria sexmaculata* 1-64 2-58 64

Asthenothynnus pulchellus* 0-81 1-22 66

Hemithynnus apterus* 4-1 5-9 69 " Abdomen not flattened."

Leiothynnus mackayensis* 1-09 1-53 71 " Abdomen much flattened."

Guerinius flavilabris* . . 4-06 5-5 74 " Abdomen not flattened."

Thynnoturneria cerceroides* 1-13 1-52 74 ij >> )>

Thynnus pulchellus 3-7 4-84 76 ,, ,, ,,

Zaspilothynnus leachiellus* 3-65 4-27 85 ,, , , ,

,

Agriomyia maculata* .

.

2-63 3-04 87 "

(c) Abdominal protuberances.

In some species tubercles are present on the sternites. These ventrally situated

tubercles may be (i) median or (ii) ventro-lateral. A median tubercle may occur on

the apparent first abdominal sternite and sometimes upon the anterior margin of the

apparent second sternite. There are several species which have paired, rudimentary

tubercles on the third and fourth sternites, while on the apparent fifth and/or sixth

sternite paired tubercles sometimes occur. There is a group of thynnids which have a

transverse crest on the pygidium.

(i) The median tubercle.—That the first abdominal sternite is always separated

from the second by a deep groove is a taxonomic character appertaining to all

Thynnidae. As a consequence, in many species the first sternite becomes conical or

pyramidal in shape. In Agriomyia and Belothynnus the apex of this prominent structure

is produced into a thin spine-like projection which forms an obvious tubercle. In

Agriomyia, this tubercle forms a straight, cylindrical projection, while by contrast,

in Belothynnus it is curved posteriorly (Text-fig. 20, 21).

(ii) Projections borne by the postero-lateral aspect of certain sternites.—Tooth-

like projections are borne on the postero-lateral aspect of certain sternites. These
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projections are paired and arise either as posterior extensions of transverse sternal

ridges or as tubercles on the postero-lateral aspect of the sixth sternite.

The abdominal segments are constricted in many thynnids at their intersegmental

junctions; thus the central region becomes elevated. In some species this elevated

portion gives rise to a transverse ridge which sometimes appears on each segment.

Such transverse ridges are formed on the sternites of Thynnoturneria Rohwer, a

genus comprising tw^enty-two species. In some forms the postero-lateral aspect of these

Text-flg. 19.—Anterior portion of the abdomen of Hemithynnus apterus (Olivier). This
shows Turner's "abdominal segments very slightly or not at all constricted", and also the

groove which divides the first and second abdominal sternite.

Text-flg. 20.—First abdominal sternite of Agriomyia maculata Guerin to illustrate Turner's
"first ventral segment with a vertical tubercle near the middle".

Text-flg. 21.—First abdominal sternite of Belothynnus impetuosus (Smith), illustrating the

meaning of "first ventral segment with a tubercle at the apex".

transverse sternal ridges bear sharp cusps. These cusps reach their maximum
development in the five species included in Acanthothynmis Turner and Doratithynnus
Turner (Text-fig. 23), and the presence of "a very long stout spine at the apical angles
of the fifth ventral segment" was the taxonomic character used in 1910 to separate
these two genera from Thynnoturneria. In Thynnoturneria (Text-fig. 22) there is a

tooth-like structure developed on the postero-lateral aspect of the sixth sternite, but
in this case the fifth sternite is unarmed.

This tendency to form a projection on the postero-lateral aspect of the abdomen
is not limited to Thynnoturneria. A pair of spines is present on the postero-lateral
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aspect of the sixth sternite in Leptothynnus, Pogonothynnus, Zaspilothynnus (Text-fig.

25) and Thynnus, which is a valuable taxonomic character. It is not a feature which
is related to the constriction of the segments as in Thynnoturneria and, furthermore,

it is only present on the sixth sternite, never on the fifth. There is little resemblance

between the spine in this group and the tooth-like structure of Thynnoturneria. Spines

do not occur on the sixth ventral segment in Macrothynnus (Text-fig. 24).

23

utJifti

,

31

Text-fig-. 22.—Posterior extremity of Thynnoturneria cerceroides (Smith) from the lateral

aspect, showing the short spine at the apical angle of the sixth sternite and the absence of

a spine on the fifth.

Text-fig. 23.—Entire ventral surface of Doratithynnus docldii (Turner), in whicli long
stout spines occur at the apical angles of the fifth sternite and no spines are found on the
sixth.

Text-fig. 31.

—

MegalotUynnus hlugii (Westwood). Hypopygium from lateral aspect,

showing the strongly recurved blunt process.

{d) The pygidium.

There is a tendency in some thynnids for the pygidium to be produced backwards

into a flattened plate-like crest, which is sometimes associated with a series of

transverse striae. The striae are present in Megalothynnus but there is no crest,

while crests are developed to a varying extent in Macrothynnus (Text-fig. 24),

Leptothynnus, Guerinius, Pogonothynnus, Zaspilothynnus (Text-fig. 25) and Thynnus.

(e) The hypopygium.

-The abdomen terminates ventrally in a flattened plate lying immediately below

the genital opening. This varies considerably in shape in different species and, as in
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26
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29

Text-fig. 24.

—

Macrothynnus simillhmis (Smith).

Text-fig. 25.

—

Zaspilothynnus leachiellus (Westwood).

The pygidium bears a dorsal crest in each species. Zaspilothynnus leachiellus bears a
tubercle on the postero-lateral aspect of the sixth sternite and by contrast the sixth ventral

segment is without a spine in Macrothynnus simillimus. Two forms of hypopygium are also

illustrated.

Text-fig. 26.

—

Psainmothynnus depressus (Westwood), in which the phrase used reads:
"hypopygium emarginate, with a pointed spine on each side at the base and a tuft of hairs".

Text-fig. 27.—Hypopygium of Zelehoria ccanthorrhoei (Smith), which is emarginate and
lacks an apical spine.

Text-fig. 28.

—

Neoselehoria sexmaculata (Smith), showing a type which is longer than
broad and is armed with a short apical epine.

Text-fig. 29.—Hypopygium ot ^Ariphron tryphonoides (Smith), which is tridentate.

Text-flg. 30.—Hypopygium of G-uerinius shuckardi (Guerin), showing lateral "shoulder-

like" formations about halfway along the median protuberance.
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other regions of Thynnid anatomy, this sclerite has the natural tendency to give rise

to angular outgrowths and spines. There are examples of single-spined, bifid,

tridentate and even penta-spinous hypopygia and in some species the hypopygium
bears a large prominent spine on its ventral surface. Much importance was attached

to this structure by Turner and, as there are many different forms of hypopygium,

it has been used extensively in taxonomy.

In the subfamily Diamminae it is rounded and by contrast in some of Turner's

Rhagigasterinae this structure is armed with a long, recurved, ventral spine. The
hypopygium in the subfamily Thynninae shows great diversity of form and the tendency

towards spinescence is displayed in many species. There are species in which the

hypopygium is devoid of spines and is rounded while, by contrast, there are many
others with hypopygia bearing one or more spines. Its value, however, as a taxonomic

character remains as yet to be tested over large series of specimens.

There are species in which the basal spines are accentuated and the median spine

is absent; this type of hypopygium is well illustrated by Psavimothynnus depressus

(Text-fig. 26), which has long, lateral spines separated by a deep incisure. By contrast,

the lateral spines are relatively inconspicuous cusps arising close to the base of a

median emarginate structure, as in Zeleboria xanthorrhoei (Text-fig. 27).

Differing completely from the preceding examples are hypopygia in which the

median axis is accentuated and the outline of this sclerite is basically triangular. A
simple illustration of this type of hypopygium is Neozeleboria sexmaculata (Text-fig. 28),

in which the hypopygium narrows towards the apex to form an acute angle and there

is also a slight tendency towards spinescence at its base. There are very many
examples of hypopygia which are triangular in form; however, its triangular outline

may be obscured owing to the rounded nature of its sides and its central spine may
be developed to a varying degree. Instead of being rounded, the sides of the

triangular hypopygia may curve inwards to a greater or lesser extent, thus tending

to emphasize the median spine.

One modification of this elementary triangular form is illustrated by AripJiron

tryphonoicles (Text-fig. 29), in which the basal spines have become accentuated, thus

giving the hypopygium a tridentate appearance. The median spine or protuberance

is not accentuated here; however, there are numbers of modifications and in particular

the median protuberance is often relatively elongate and expanded basally, and a

series of species could be selected and arranged in order illustrating the progressive

development of an additional pair of spines on the hypopygium. These spines arise

on the sides of the median protuberance and together with the basal and apical

spines the hypopygium becomes penta-spinous (Text-fig. 30).

The first step in the development of a five-spined from a three-spined hypopygium
is the appearance of lateral "shoulder-like" formations about halfway along the median
protuberance. These shoulders result from the uneven nature of the tapering of the

median protuberance. Instead of it gradually narrowing to a point, the width of the

median protuberance may decrease abruptly, to terminate either in a triangular apex

or in a narrow, acute spine, as in Guerinius shuckardi (Text-fig. 30). These shoulders

in such hypopygia are often produced to varying degrees to form the additional pair

of lateral spines occurring in penta-spinous hypopygia, as in Thynnus dentatus

Fabricius. In Megalothynnus, which has a striated pygidium, the hypopygium ends in

a strongly recurved blunt process (Text-fig. 31).
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NEW AND LITTLE KNOWN AUSTRALASIAN LAELAPTIDAE (ACARINA).

By Robert Domrow, Queensland Institute of Medical Research, Brisbane.

(Twenty Text-figures.)

[Read 27th November, 1957.]

Synopsis.

Six new species of Laelaptidae are described : Bewsiella fledermaus, n. g., n. sp., TricJiosuro'

laelaps striatus, n. sp., T. emanuelae, n. sp., Laelaps wasselli, n. sp., L. soutlicotti, n. sp.,

and L. habrus, n. sp. The males of Peramelaelaps bandicoota and Mesolaelaps antipodxanus
are described for the first time. Keyt; are given to Australasian species of Trichosurolaelaps,

Mesolaelaps and Laelaps.

The genus Mesolaelaps is revised, the number of included species being increased from
three to six by transferring species formerly placed in Heterolaelaps, Laelaps and Hypoaspis.

New combinations: M. antipodianus (Hirst), M. sminthopsis (Womersley) and M.
bandicoota (Womersley).

New synonymy: Heterolaelaps Hirst, 1926 = Mesolaelaps Hirst, 1926; M. thalaconiys

Womersley, 1956 = M. lagotisinus Hirst, 1931 ; Liponyssus echinus Oudemans, 1925 = Liponyssus
magnistiijynatus Vitzthum, 1920 = LeiognatJius spinosus Berlese, 1910, now placed in Neolaelaps.

This paper is concerned with the laelaptid mites examined at this Institute in

recent years. Six new species and two previously unknown males are described, and

some additional species and genera are discussed. New host records have been indicated

by an asterisk.

This material includes the following two slpecial collections. In June, 1956, during

an investigation into reports of a ''fever" (which appears to have been leptospirosis)

at the Lockhart River Mission on Cape York Peninsula (13° S., 143° 30' E.), Dr. M. J.

Mackerras made a small collection of parasitic mites containing three laelaptid species,

one of which is new. In November and December of the same year Miss M. L. Emanuel
carried out further leptospirosis investigations in Papua (8° to 10° S., 147° to 149° E.),

and brought back the formalinized bodies of 46 rodents and three bandicoots, from

which I made the second collection. This material yielded five species of Laelaptidae,

of which two are new. In order to be sure of the host correlation, I have neglected

any odd specimens found scattered among the loose outer fur of the animals, keeping

only those found in numbers deep in the fur or attached. In this respect Lawrence's

(1956) caution on the use of museum skins for the collection of parasitic mites is

timely.

The rat and bat hosts from Cape York Peninsula were identified by Dr. W. A.

McDougall and Mr. G. Mack respectively, while Mr. E. Le G. Troughton named the

Papuan animals. I am- most grateful to them, and to the donors of this interesting

material, for their cooperation.

Bewsiella, n. g.

Diagnosis.—Liponyssinae with two subequal dorsal shields and strong dorsal

peritremes. Legs I enlarged; coxae armed; femora I and II with strong setae dorsally.

Sternal shield with three pairs of setae; extended posterolaterally to take in metasternal

pores. Genitoventral shield tapering and irregular posteriorly, with about seven

scattered setae in addition to usual two genital setae. Anal plate discrete. Genotype:

Bewsiella fledermaus, n. sp.

The new genus is named after my former teacher, Mrs. A. E. Bews. It is

distinguished from the other two liponyssine genera with divided dorsal scuta, as

defined by da Fonseca (1948), by amending his key as follows.

3. Postdorsal and anterodorsal shields > subequal and contiguous; sternal shield enlarged
posterolaterally to accept metasternal pores

;
genitoventral shield with several setae in

addition to genital pair ; peritremes broad ; legs I enlarged, with strong seta dorsally
on femora ; coxal setae strong Bewsiella, n. g.

Proceedings of the Linnean Society of New South Wales, 1957, Vol. Ixxxii, Part 3.
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Dorsal shields not contiguous ; metasternal pores free in cuticle
; genitoventral shield with

only two genital setae ; peritremes slender ; legs I slender, and without enlarged setae
dorsally on femora ; coxal setae slender 3a.

3a. Postdorsal shield minute, broadly separated from anterodorsal shield ; sternal shield reduced
with only two pairs of setae Ophionyssus Megnin.

Postdorsal shield larger, but still separated from anterodorsal shield ; sternal shield with
usual three pairs of setae Steatonyssus Kolenati.

Bewsiella fledermais, n. sp. (Text-figs. 1, 2.)

Types: Holotype female and paratype female In Queensland Museum. Both on
rump of the bat Hipposideros cervinus (Gould), Lockhart River Mission, 13. vi.1956.

Description of female.—A medium-sized, weakly sclerotized species, without medial
idiosomal constriction. Length 444^, breadth 263^. Peritremes dorsal, very wide and
distinct, reaching forward almost to vertex. Dorsal shield divided at level of stigmata

into subequal anterior and posterior shields, both of which have pore-like openings and
scp.,ly markings. Anterior shield with twenty pairs of larger setae, and posterior

shield with about sixteen pairs of smaller setae. Venter: Sternal shield with convex

anterior margin and three pairs of setae; extended posterolaterally to take in meta-
sternal pores in addition to two pairs of sternal pores. Metasternal setae on small

platelets. Genital plate tapering and irregular posteriorly, with about seven setae in

addition to two genital setae. Genital operculum distinctly and irregularly marked.
Anal shield small, with anus near anterior margin, and adanal setae near level of

posterior of anus. Postanal seta twice as strong as adanals. Metapodal plates

exceedingly weak. Ventral cuticle with 30 to 36 pairs of setae. Gnathosoma: Sensory
seta on palpal tarsus two-tined. Chelicerae not clearly visible, but very weakly
sclerotized and apparently without teeth. Legs: Leg I much stouter than other legs^

and with stronger claws. Leg setation weak apart from quite strong coxal spines and
longer setae dorsally on femora I and II.

Male unknown.

Distribution.—Known only from the type host and locality on Cape York Peninsula.

Neolaelaps Hirst.

Neolaelaps spinosus (Berlese, 1910).

This characteristic species, the only one in the genus, has an- interesting history^

which is best considered chronologically. Berlese (1910) described Leiognathus spinosus

briefly from Pteropus vampyrus edulis Geoffroy in Java, giving measurements and
stressing its spiniform setae, but Leiognathus is preoccupied in Pisces and equivalent

to the later Liponyssus auct. Vitzthum (1920, 1926) described Liponyssus magni-

stigmatus in great detail from the same host and locality. Later in 1926, Hirst

erected the genus Neolaelaps, with Vitzthum's species as genotype by monotypy, and

recorded it from Pteropus in Sarawak and Ceylon. He also suggested that Berlese's

species might be a synonym of Vitzthum's. In view of the agreement in the few"

concrete characters given by Berlese, and the coincidence of host and locality data,

I accept this synonymy. A further synonym of Berlese's species is Liponyssus echinus

Oudemans, 1925, which was described in detail from a bat from Ambon. One's first,

impression of this species is its spiny appearance.

I am now able to record it from Australia, as follows—a large series of both sexes

from *Pteropus conspicillatus Gould, Innisfail, N. Queensland, 20.viii.l956. Through,

the courtesy of Mr. H. Womersley I have also seen a small series from the same host^

Cairns, June, 1946, H. Sutton coll.

EcHiNONYSSus Hirst.

EcHiNONYSSus VALIDIPES Domrow, 1955.

Types: The holotype female and allotype male have been transferred from this:

Institute to the collection of the Queensland Museum.

This species was originally recorded from Queensland, but Mr. Womersley tells

me that the South Australian Museum also has specimens from the type host, the

rat-kangaroo, Potorous tridactylus (Kerr), labelled Tasmania, March, 1947.
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Teichosueolaelaps Womersley.
Remarks.—The genus TricJiosurolaelaps was erected by Womersley (1956) for a

new species, T. crassipes, from the phalangerid Trichosurus vulpecula (Kerr). I have
since collected additional specimens from the type host (D'Aguilar Range, 1 and
4.iv.l957), and with further experience in mounting mites can now say that the

Text-flgs. 1-4.

1, 2.

—

Bewsiella fledermaus, n. g., n. sp. 1, Venter of female ; 2, Dorsum of female.

3, 4.

—

Trichosurolaelaps emanuelae, n. sp. 3, Dorsum of female ; 4, Venter of female.

indentations shown on the posterior margin of the idiosoma in my illustration of the

genotype (in Womersley, 1956, figs. 38^ A and B) are artefacts due to excessive heating

of the polyvinyl alcohol medium. The outline should be evenly rounded, as in the two

new species described below. The clear band around the genital shield is the very

weakly sclerotized margin of this shield, rather than non-striate cuticle. This is clearly

shown in one specimen in which this shield is fractured. The relationships of the

three species may be seen from the following key.
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Key to species of Trichosurolaelaps Woniersley.

1. Females 2.

Males 4.

2. Tritosternal base with one posterior point ; some segments of legs I-III with doubly
bladed setae ; from peramelid, Papua T. emanuelae, n. sp.

Tritosternal base with two posterior points ; legs without doubly bladed setae ; from
phalangerids, Australia and New Zealand 3.

3. Peritremes very narrow along most of length, but wide basally ; anterolateral corners of
sternal shield normal ; genitoventral shield centrally flask-shaped, with margins hyaline

;

from Tricliosurus T. crassipes Womersley.
Peritremes normal and of uniform thickness ; anterolateral corners of sternal shield

emarginate to accept enlarged coxae I ; genitoventral shield evenly sclerotized and oval
in outline ; from Pseudocheiriis T. striatus, n sp.

4. Dorsum with numerous very long setae laterally ; peritremes of normal length ; holoventral
shield expanded behind coxae IV T. emanuelae, n. sp.

Dorsum without very long lateral setae ; holoventral shield tapering behind coxae IV . . 5.

5. Cuticle of dorsal shield smooth ; peritremes of normal length ; with four pairs of ventral
setae T. crassipes Womersley.

Cuticle of dorsal shield with distinct longitudinal striations
;
peritremes abbreviated ; with

three pairs of ventral setae T. striatus, n. sp.

Trichosurolaelaps emanuelae, n. sp. (Text-figs. 3-8.)

Types: Holotype female, one paratype female and two paratype males in Queensland

Museum; two paratype females in British Museum (Natural History). All six

specimens from the bandicoot Echymipera kalabu kalahu (Lesson), in forest behind

Mission quarters, Gona, 6.xii.l956.

Text-figs. 5-8.

—

Trichosurolaelaps emanuelae , n. sp. 5, Dorsum of male ; 6, Holoventral
shield of male; 7, Chelicerae of male; 8, Chelicerae of female.

Description of female.—A medium-sized, heavily sclerotized species; idiosoma

526-537/Lt long, 257-269/^ wide anteriorly, and 269-292/^ wide posteriorly; with faint

medial constriction. Dorsum: Peritremes dorsolateral, extending almost to vertex,

rather narrow except at extreme base. Dorsal shield slightly constricted medially,

truncate posteriorly, and with 36 pairs of very small setae and one longer pair

posteriorly; numerous small pores open onto dorsal shield. Beneath the centre of the

shield is a structure which is possibly glandular in nature. Venter: Tritosternum with

single small process on basal section. Sternal shield subrectangular, with anterior

margin concave medially and posterior margin rectilinear; with scale-like markings

on anterior half. Usual three pairs of sternal setae and two pairs of pores present.

Metasternal pore isolated in cuticle, but metasternal setae set on small platelets.
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Genitoventral shield axe-shaped, with genital setae on small lateral projections, and
two pairs of ventral setae on the blade. Third pair of ventral setae free in cuticle

near shield. Genital operculum longitudinally striate. Metapodal plates very weak.
Anal plate triangular, with anterior margin concave. Anus central, flanked by adanal
setae; postanal seta much stronger than adanals. Ventral cuticle longitudinally striate

except for transverse band of striations between genitoventral and anal plates; with
twelve to fourteen pairs of simple setae. Gnathosoma: Sensory seta on palpal tarsus

Iwo-tined. Chelicerae weakly sclerotized, with only a single weak tooth on the movable
iinger. Legs: All coxae heavily armed; tibiae I and tarsi, tibiae, genua and trochanters

II with retrorse spurs; trochanters I and tarsi II and III with peculiar doubly spurred
.setae. Genua and femora I and II each with long seta dorsally. All tarsi with two
claws and well-developed ambulacral apparatus.

Description of male.—Smaller than female, and without medial idiosomal con-

striction; length 456fi, breadth 292/i. Peritremes expanding forward almost to vertex.

Dorsal shield with fifteen pairs of very long setae and about twenty pairs of shorter

setae; with scale-like markings anterolaterally. Venter: Sternal, metasternal, genital,

Tentral and anal shields fused to form holoventral shield, which expands behind
coxae IV and then tapers rapidly to the anal area. With usual six pairs of setae and
three pairs of pores in addition to postanal seta and four pairs of ventral setae.

Genital aperture on convex anterior sternal margin. Gnathosoma: Chelicerae with
unarmed digits; spermatophore carrier larger than movable finger.

Distribution.—Known only from the type host in Papua.

Tkichosubolaelaps steiatus, n. sp. (Text-figs. 9-12.)

Types: Holotype female and allotype male in Queensland Museum; paratypes of

iDOth sexes in United States National Museum and British Museum (Natural History).

In all, nine females and eight males from the ring-tailed possum, Pseudocheirus

laniginosus (Gould) (Phalangeridae), Mt. Nebo, S.E. Queensland, 29.X.1954, and
Brisbane, 10.iv.l957.

Description of female.—A medium-sized, heavily sclerotized species; idiosoma

445-468/i long, 260-288/x wide, with only very slight constriction at level of stigmata.

Dorsum: Peritremes dorsolateral, extending forward to level of coxae I; of uniform

w^idth; stigmata between coxae III and IV. Dorsal shield constricted medially, evenly

rounded posteriorly; vertex with eight paired setae; lateral margins with fifteen

pairs of setae, the posterior pair being by far the strongest; disc with 24 minute setae

arranged 4.6.4.8.2. The texture of the dorsal shield is apparently smooth. Marginal

cuticle with ten to fifteen pairs of setae which increase in length posteriorly.

Tenter: Tritosternal base with two minute and pointed processes posteriorly. Sternal

shield with anterolateral corners emarginate to accept large coxae I; posterior margin

almost rectilinear; with usual three pairs of setae and two pairs of pores. Metasternal

;setae and pores free in cuticle. Genitoventral shield a simple oval, with one pair of

setae; operculum extending forward to between sternal setae I and II, and longi-

tudinally striate. Anal shield weakly sclerotized, except laterally, and with anus at

anterior margin. Adanal setae much weaker than postanal seta. Ventral cuticle

Tvith about ten pairs of setae, three of which fiank the genitoventral shield.

Gnathosoma: Chelicerae very slender, with digits unarmed except for small apical

tooth on movable finger. Legs: Coxal setae arranged in usual 2.2.2.1 pattern, but much
modified. Coxae I with anterior seta minute and set in extreme distal angle; posterior

seta spine-like; with two additional spurs. Coxae II with anterior seta spine-like and
posterior seta normal; with one additional spur. Coxae III with both anterior and
posterior seta spine-like; with one additional spur. Coxae IV with normal seta and
two additional spurs. Tibiae and genua I and tarsi, tibiae and genua II each with

retrorse spur on posterior ventral margin. Central four segments of legs I with

spurs on posterior dorsal edge. ' Femora I and II with much enlarged seta dorsally.

Genua I with similar but rather smaller seta. Tarsi with usual ambulacra, 'that of I

being reduced, though the claws are normal.
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Description of male.—Somewhat smaller than female, Idlosoma length 348-418^,

breadth 208-288/^; without any medial constriction. Dorsum: Peritremes abbreviated,

extending forward only to level of anterior margin of coxae III; with two or three

Text-figs. 9-12.

—

Trichosurolaelaps striatus, n. sp. 9, Venter of female, with inset of

chelicerae at twice indicated scale ; 10, Dorsum of female ; 11, Venter of male ; 12, Dorsum of

male, with inset of striae on dorsal shield at twice scale indicated.

minute retrorse spines along outer edge of peritreme. Dorsal shield not constricted

medially and evenly rounded posteriorly. Surface covered by short, delicate, longi-

tudinal striae which do not form a network. Vertex with eight paired setae; marginal
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setae in fifteen pairs, very much stronger than in female, and increasing in length

posteriorly; disc of shield with 24 minute setae arranged 4.6.4.8.2, as in female.

Marginal cuticle with eight or nine pairs of setae, the more anterior ones being

slightly bladed. Venter: Holoventral shield of normal composition, with ventral area

tapering narrowly behind coxae IV to expand posteriorly into anal area. Anterior

sternal margin concave around genital aperture. Ventral area of shield and ventral

cuticle both with six paired setae. Legs essentially as in female, but with armature

slightly weaker on legs I and II, and somewhat stronger apically on III and IV.

Ambulacrum of tarsi II-IV normal; that of I reduced and set in concave ends of tarsi;

claws rudimentary.

Distribution.—Known only from the type host in S.E. Queensland.

Peeamelaelaps Womersley.

Pekamelaelaps bandicoota Womersley, 1956. (Text-fig. 13.)

Description of male.—Rather weakly sclerotized and slightly smaller than female;

idiosoma 394^ long, 240/x wide. Dorsum almost entirely covered by dorsal shield, with

only exceedingly narrow band of marginal cuticle posteriorly. Setation generally as

in female. Venter: Tritosternum with usual two fine laciniae; basal portion with

minute hairlets laterally. Holoventral shield of typical construction, with genital

aperture on convex anterior sternal margin. Ventral area moderately expanded behind

coxae IV, and tapering unevenly to anal area; with three or four pairs of setae.

Postanal seta twice as strong as adanal setae, which are set at level of anterior of

anus. Entire surface of holoventral shield with exception of metasternal and anal

areas with usual reticulatory markings. Metapodal shields elongate and well developed.

Ventral cuticle with about ten pairs of simple setae. Stigmata placed ventrally

between coxae III and IV; peritremes abbreviated, reaching along sides of idiosoma

to level of posterior margins of coxae II. Legs of typical facies; without stronger

setae on dorsum of genua and femora I and II. All tarsi with usual ambulacrum and

two claws. Coxae II to IV with very weak sclerotized process in comparison with

those of female.

Remarks.—This is the species referred to as a new genus and species by Domrow
and Smith (1956, p. 203). It is very common on the type host TJiylacis obesulus

(Shaw and Nodder) in Brisbane suburbs. A further record from this host is one

female, Mossman, 20. ii.1954. It has also been taken on *Perameles nasuta Geoffroy as

follows: several specimens of both sexes, Mt. Glorious, August, 1955, and one female.

Goondi, N.Q., 14.iii.l957.

Haemolaelaps Berlese.

Haemolaelaps domkowi Womersley, 1958.

Three females and one female respectively from the bandicoots *Thylacis macrourus

moresbyensis (Ramsay), Sapphire Creek, Port Moresby area, 17.xi.l956, and *Peroryctes

raffrayanus raffrayanus (Milne Edwards), in kunai grass, Inonda, near Popondetta,

3.xii.l956. Several specimens of this species, together with two other species normally

found on bandicoots {Mesolaelaps anomalus and M. australiensis , see below), were
taken on two Rattus rattus (Linne), 28 and 29. ix.1955, Innisfail. These rats had
doubtless been in recent contact with bandicoots, and the records are considered

exceptional.

Mesolaelaps Hirst.

The genus Mesolaelaps Hirst, 1926, was erected for two new species, M. anomalus

and M. australiensis, the former having page precedence and being described in detail.

Radford (1950) says Hirst designated anomalus as genotype in the original article

according to Article 30, rule a, but this is not so. His page reference is also incorrect;

it should read 840, not 800. Howevfer, Vitzthum cited it as the genotype in 1942,

and his action was valid.

In the same paper Hirst erected Heterolaelaps for one new species, H. antipodianus,

which is thus the genotype by monotypy. I have examined material of all three

species, and cannot concede that they are even subgenerically distinct. Although
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Heterolaelaps has page precedence over Mesolaelaps, I take advantage of Article 28 to

place Heterolaelaps as a synonym of Mesolaelaps, firstly because the species originally

included in Mesolaelaps were more accurately described than the single species of

Heterolaelaps, and secondly because the genotype of Mesolaelaps is commoner and
more typical of the genus as here defined than that of Heterolaelaps.

Rediagnosis of Mesolaelaps Hirst, 1926.

Round, heavily sclerotized laelaptine species, about 1 mm. in length. Dorsal shield

rather small, w^ith very strong but sparse setation; with four rather long, anteriorly

directed vertical setae; marginal cuticle very broad with very numerous, much weaker

setae. Genitoventral shield reduced and tapering, typically with three pairs of setae;

widely separated from large, elongate anal shield. Ventral cuticle also with exceedingly

numerous short setae. Coxal armature variable, and correlated with modification of

certain body setae. Legs slender, with strong outstanding setae on apical segments,

especially II to IV. Chelicerae slender, with weak dentition and very short pilus

dentarius. On various native mammals in Australia and New Guinea. Genotype:

M. anomalus Hirst, 1926.

The genus comprises the three species named above, and three others, namely:

M. lagotisinus Hirst, 1931 (= M. thalacomys Womersley, 1956), Hypoaspis bandicoota

Womersley, 1956, and Laelaps smintJiopsis Womersley, 1954.

Recent collections have provided good series of Hirst's three original species

which agree with his and Womersley's (1955, 1956) subsequent redescriptions. Of

Hirst's later species, M. lagotisinus, I have seen the holotype of its synonym, M.

thalacomys, and of Womersley's two species, the type series and further material

which agrees with the types. It has therefore been thought advisable to revise these

six species, which may be divided into two groups, depending on the coxal armature,

and are keyed on this basis below. Group I (the simple species) is mainly confined

to eastern and northern Australia and Papua, while Group II (the modified species)

occurs in S.E. Queensland and southern and western Australia.

Characters of Taxonomic Value.

Close examination of the six species has shown that the following six categories

of characters are of taxonomic value.

1. Hypostomal setae and tritosternum.—The four pairs of hypostomal setae are

usually slightly barbed in all species, but in sminthopsis the basal pair is much
enlarged and heavily spined. The tritosternal base in lagotisinus is flanked on both

sides by a row of spinose processes which extend laterally beyond the level of

sternal setae I. These processes are not present in the other five species.

2. The sternal complex.—The sternal shield is typically subquadrate with the

posterior margin concave. The shield is somewhat elongate, and with the posterior

margin convex in anomalus, while in antipodianus it is transverse and almost rectilinear

posteriorly. Sternal setae I are nude (or with one or two fine barbs) in anomalus,

slightly barbed in antipodianus, bandicoota and australiensis, strongly barbed in

lagotisinus, and heavily spined in sminthopsis. Sternal setae II are somewhat
approximated in antipodianus and markedly so in sminthopsis.

3. The genitoventral complex.—The genitoventral shield is typically small and
tapering, but is larger and somewhat expanded behind coxae IV in bandicoota. In

four species the first pair of ventral setae are set wider apart than the genital setae.

In bandicoota, due to the enlarged shield, the second pair of ventral setae are even

wider apart, while in lagotisinus, which has the smallest shield, the genital setae

are widest apart. In bandicoota, antipodianus and sviinthopsis there are four pairs

of setae rather than three around the genitoventral shield, but it is diificult to decide

whether the more posterior setae are on or off the shield. The genital setae reach

the end of the shield in all species except bandicoota, which has by far the largest

shield. The length of these setae is variable in australiensis.

4. The anal complex.—The anal shield is exceedingly large in anomalus, and fairly

large in bandicoota and antipodianus. The adanal setae in these three species
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correspondingly do not reach the insertion of the postanal seta, as they do in the

other three species with relatively smaller anal shields.

5. Lateral body setae.—In five species these setae (like the other body and leg

setae in general) are slightly barbed. In sminthopsis they are thickened and almost

serrate.

6. Coxal armature.—Three species have the coxal setae similar to the other leg

setae and three have these setae modified. The anterior seta of coxae II and III is

modified to a slender, tapering spur in lagotisinus, and in antipodianus to a stronger,

blunt spur (absent, however, in the male). The maximum modification occurs in

sminthopsis, in which the anterior seta of coxae II and III is spur-like and the

posterior seta serrate. In addition, the anterior seta of coxa I is small and spur-like,

while the posterior seta is modified to an extremely heavy retrorse spine.

Key to females of Mesolaelaps Hirst.

1. Coxal setae similar to other leg setae (Group I) 2.

Anterior seta of coxae II and III modified to a distinct spur (Group II) 4.

2. Genitoventral plate larger, expanded behind coxae IV bandicoota (Womersley).
Genitoventral plate smaller, tapering behind coxae IV 3.

3. Sternal shield convex posteriorly ; anal shield large anoTtialus Hirst.

Sternal shield concave posteriorly ; anal shield small australiensis Hirst.

4. Posterior seta of coxae I modified to very heavy spine ; basal hypostomal setae enlarged

and spined ^.
sminthopsis (Womersley).

Posterior seta of coxae I and basal hypostomal setae normal 5.

5. Anterior spur of coxae II and III tapering ; tritosternum flanked by numerous spinose

processes ; sternal shield quadrate and concave posteriorly lagotisinus Hirst.

Anterior spur of coxae II and III thick and blunt ; tritosternum not flanked by spinose

processes; sternal shield transverse and rectilinear posteriorly .... antiipodianus (Hirst).

Group I,

M. ANOMALUS Hirst, 1926 (genotype).

This species is apparently confined to the family Peramelidae. It was originally

described from New Guinea, and the following additional records from Papua have

been obtained: one female and two females respectively on the bandicoots *Peroryctes

raffrayanus raffrayanus (Milne Edwards), in kunai grass, Inonda, near Popondetta,

3.xii.l956, and *Echymipera kalo.hu kalahu (Lesson), in forest behind Mission quarters,

Gona, 6.xii.l956.

The species is also common on Thylacis obesulus (Shaw and Nodder) and Perameles

nasuta Geoffroy in North Queensland.

M. AUSTRALIENSIS Hirst, 1926.

On bandicoots and "rats" and "mice" from Queensland to south-eastern South

Australia. It overlaps the range of M. anomalus in North Queensland, and even occurs

on the same individual bandicoot. It has also been recorded from mutton-birds' nests

in Bass Strait by Womersley (1955), who described the male.

Through the courtesy of Mr. J. H. Calaby I have been able to examine ten

specimens which I also place as this species. He says (in litt., 8.iv.l957) : "Host:

*MyrmecoMus fasciatus Waterhouse [Myrmecobiidae], Dryandra (Narrogin District),

S.W. Aust., 7.X.1955, 1 mite. Same locality, 18.ix.l956, 7 mites. In both cases the

mites were taken from the short, rather sparse fur, close to the scrotum of the live

male hosts. The mites were actively moving about among the fur. I examined a

number of live specimens of the host of both sexes but these were the only mites

seen. In both cases the number of mites collected appeared to be the total population

on the host. Also a tube containing two mites from a small Dasyurid [marsupial

mouse] collected by a colleague at Abydos. Station inland from Port Hedland in

N.W. Australia (August to September, 1956). The mites were dead when I removed
them from the frozen carcass of the animal several days after capture. The host [had]

a fat tail . . . and may have been a Dasycercus or possibly an Antechinus of the

macdonnellensis (Spencer) type."

I have also seen nine females from the echidna *Tachyglossus aculeatus acanthion

(Collett), 15 miles north of Innisfail, 26.viii.1955, which I refer to this species, although
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they have relatively slender setae on the dorsal shield. These specimens were ascribed

in error to Haemolaelaps Berlese in the 1956 Annual report of this Institute.

M. BANDicooTA (Womersley, 1956), n. comb.

This species was originally described as a Hypoaspis, but fits naturally into

Mesolaelaps as here defined. Doubt has been cast (Domrow and Smith, 1956) on the

Text-flgs. 13-16.

13.

—

Peranielaelaps bandicoota Womersley. Venter of male, with inset of tritosternal base

at about twice scale indicated. 14.

—

Mesolaelaps antipodianus (Hirst). Venter of male.

15.

—

Laelaps wasselU, n. sp. Venter of female. 16.

—

Laelaps so^ithcotti, n. sp. Venter of

female.

recorded host species, but later collections have proved that bandicoots are the true

hosts (mainly Thylacis obesulus (Shaw and Nodder), but also *Perameles nasuta

Geoffroy, Mt. Glorious, l.ix.l955). This species apparently prefers higher country, the

type locality being Mt. Tamborine; subsequent series are from Mt. Glorious. Both
these localities are in the extreme south-east of Queensland.
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Group II.

M. LAGOTisiNus Hirst, 1931.

M. thalacomys Womersley, 1956, is a synonym of this species. Both were recorded

from rabbit-bandicoot or bilby, Macrotis (= Thalacomys) lagotis (Reid) from south-

western Australia.

M. ANTipoDiANUS (Hirst, 1926), n. comb. (Text-fig. 14.)

This species was originally placed in the genus Heterolaelaps Hirst, but has been

reassigned for the reasons already stated. It occurs on bandicoots in South Queensland,

New South Wales, Victoria and South Australia, and was redescribed by Womersley

(1956). Through the courtesy of Mr. Womersley I have been able to examine a small

series of both sexes from the bandicoot Thylacis obesulus (Shaw and Nodder) from

Belair, S. Australia, 17.iv.l956, H.W. coll. He has also kindly allowed me to describe

the male here for the first time.

The male is of the same general facies as that of M. australiensis, but somewhat

larger and with stouter legs. Length of idiosoma 794^, breadth 537^1.. Length of

holoventral shield from level of sternal setae I to postanal seta 642^. Intercoxal

portion of shield narrow with usual five pairs of setae, whose distances apart and

lengths are (in micra) SI 89 and 111, SII 103 and 156, SHI 125 and 167, MS 67 and 158,

G 58 and 125. Ventral area not greatly expanded behind coxae IV, about 233;U, wide at

this level. Ratio of length to breadth of holoventral" shield 2-76. Ventral area with

about 20 pairs of setae to 106/x discally and to 42/^ marginally. Adanal setae 58/^,

postanal seta 189^ long. Lateral body setae about 56^ long. Discal setae of dorsal

shield from 140^ to 180/x long. Posterior arc of dorsal shield and terminal body

cuticle with circlet of eleven setae (including postanal) which project strikingly beyond

general body setation. The lengths of these live pairs of setae (from front to back)

are 292/x, 242/x, 140^, 120/i and 222/^. Surface of dorsal and holoventral shields with

usual network of fine transverse striae. Anterior seta of coxae II and HI like other

leg setae, in striking contrast to thick, blunt spurs found in female.

Remarks.—The male of antipodianus may be separated from the other known
male, australiensis, by its greater size, the circlet of eleven outstanding posterior

setae, and the ratio of length to breadth of the holoventral shield. This ratio in

antipodianus is 2-76, while in australiensis (which has this shield broadly expanded

behind coxae IV) the ratio is only 1-65 (calculated from Womersley's illustration, 1955).

M. smintHopsis (Womersley, 1954), n. comb.

This species was originally described as a Laelaps, but is a member of Mesolaelaps

as defined above. It is the most modified of all the species and is known only from
marsupial mice from Victoria and S.E. Queensland.

Laelaps Koch.

Laelaps rothschildi Hirst, 1914.

This species is virtually host specific for the genus Melomys in Australia and
New Guinea, and is exceedingly common on M. littoralis (Lonnberg) and M. cervinipes

(Gould) in the Innisfail area. I have also seen 25 females from *M. australius Thomas,
Lockhart River Mission, June, 1956; two females from *Rattus rattus (Linne), South

Johnstone, 5.x.1956; four females from the muzzle of "a large grey mouse (head and
body about 4")" in rain forest, 3000', Springbrook, 19.iv.l947, E. N. Marks coll. The
male is unknown.

Laelaps echidninus Berlese, 1887.

Twenty-five females of this species have been collected on four occasions on

*R. assimilis (Gould), Etty Bay, North Queensland, November, 1955, and April, 1956.

Laelaps hapaloti Hirst, 1931.

The original spelling of the specific name "hapoloti" is in error, being based on

the rodent genus Hapalotis. Womersley's (1937, 1956) records are all from native

rodent genera, but I have seen five females from a "marsupial mouse", Soudan, 300 m.

N.E. of Alice Springs, July, 1954, A. L. Rose coll.
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Laelaps assimilis Womersley, 1956.

Since the original records this species has proved to be very plentiful on the type

host, Rattus assimilis (Gould) in S.E. Queensland. Numerous specimens of both sexes

have also been taken on R. ciilvioruni Thomas and Dollman from Kim Kim, 6.ix.l957.

The coxal setation is similar to that of L. nuttalli (see Hirst, 1915). The genitoventral

shield is wider than long; length from insertion of genital setae to posterior margin
148-162^, breadth 185-195^; width between fourth pair of genital setae 102-lllyu,. One
abnormal female has been seen from Mt. Glorious, 10.xi.l955. On one side of the

genitoventral shield the three additional ventral setae are lacking, while on the other

side only the posterior one is present. The pair of genital setae are present.

Laelaps nuttalli Hirst, 1915.

The following specimens have been seen: five females from *Melomys australius

Thomas, Lockhart River Mission, June, 1956, several females from 27 *Rattus

villosissimus (Waite), Richmond, N.W. Queensland, August, 1956, J. H. Pope and
J. G. Carley coll., and seven females each from R. rattus (Linnaeus), Port Moresby,

31.x.1956, and *R. gestroi gesti-oi (Thomas), Iduabada Village, Port Moresby, 12. xi.1956.

Ferris (1932) has reported this species from the Pacific area under its synonym,
L. hatoaiiensis Ewing.

Laelaps wasselli, n. sp. (Text-fig. 15.)

Types: Holotype female in Queensland Museum; one paratype female in British

Museum (Natural History). Both from the water-rat, Hydromys chrysogaster reginae

Thomas and Dollmann, Innisfail, 6.ix.l956. A second paratype female is in this

Institute, from a "white-tailed water-rat". Farm Ck., Cape York Pen., 8.xi.l955, J. L.

Wassell coll.

Description, of female.—A rounded, medium-sized and well-sclerotized species;

idiosomal length 788-835/u, width 510-556^. Dorsum with single dorsal shield, whose
setation is uniform and strong, except for vertical setae and the pair between the two
long terminal setae; length of discal setae 72/x; length of two posterior pairs 91 fj.

and
38/i. Marginal cuticle with ten to twelve pairs of similar setae. Venter: Sternal shield

rather wider than long, with anterior margin rectilinear and posterior margin shallowly

concave; with usual reticulatory markings anteriorly and laterally. Sternal and

metasternal setae strong, with latter set on distinct platelets. Metasternal pores free

in cuticle. Genitoventral shield expanded behind coxae IV as in L. nuttalli, but

rather straight posteriorly; with usual four pairs of strong setae and few transverse

linear markings; length 185-190/x, breadth 185-190m; width between fourth pair of

setae 106-111/x. Anal shield triangular, with sides longer than anterior margin. Anus
set in broad anterior half of shield. Adanal setae set slightly behind level of posterior

of anal pore, and barely reaching insertion of the stronger postanal seta. Metapodal

shields small and narrow, elongate oval. Marginal cuticle with about six pairs of

strong setae. Stigmata between coxae III and IV, while peritremes extend forward

onto dorsum almost to vertex. Gnathosoma: Chelicerae very similar to those described

below for L. habrus, n. sp. Legs: Coxae with usual 2.2.2.1 setal pattern. Both setae

of coxae I modified to blunt spines, the posterior being slightly the larger. Coxae II

with anterior seta normal and posterior seta spine-like. Coxae III as II, but with

anterior seta stronger and posterior spine weaker. Coxae IV with normal seta. Genua
and particularly femora I and II with at least one seta dorsally, which is much
stronger than the other leg setae.

Distribution.—Known only from the type host and locality in North Queensland.

Remarks.—Womersley (1937) has recorded the European Laelaps muris (Ljungh)

from Hydromys chrysogaster in South Australia. The slide had been given to the

South Australian Museum by Professor T. H. Johnston, who had also presented a

portion of the collection of Stanley Hirst, an English worker who had been in

Adelaide several years before. It seems likely that this slide was part of that

collection, and that the common host of L. muris, the European water rat or water

vole, Arvicola amphibius (Linne), has been mistranslated into the Australian water rat,

Hydromys chrysogaster Geoffroy.
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Laelaps southcotti, n. sp. (Text-figs. 16, 17.)

Types: Holotype female and one paratype female In the Queensland Museum;

allotype male, four paratype males and seventeen paratype females in Queensland

Institute of Medical Research. All specimens from XJromys cauclimaculatus (Krefft),

Etty Bay, Innisfail area, 20.iii.l956.

Text-figs. 17-20.

17.

—

Laelaps southcotti, n. sp. Holoventral shield of male, with inset of chelicerae at same
scale. 18-20.

—

Laelaps habrus, n. sp. 18, Venter of female; 19, Dorsum of female; 20, Dorsal,

lateral and dorsolateral views of female chelicerae (from right to left).

Description of female.—A medium-sized, well-sclerotized species; idiosoma 672-696,1*

long, 459-464^1 wide. Dorsum almost entirely covered by dorsal shield, with fairly

strong setae to 63/^ long discally; posterior two pairs 92/x and 40/^ long. Venter: Sternal

shield with anterior margin straight and posterior margin rather deeply concave.

Metasternal setae set on small platelets, but metasternal pores free in cuticle. Genito-

ventral plate with four pairs of subeQual setae; slightly expanded behind coxae IV;

172-180^ long, 153-162^ wide; width between fourth pair of setae 97-106/i. Anal plate

triangular, longer than wide, with anus and anal setae placed as in L. habrus.

Metapodal plate small and bluntly oval. Marginal cuticle with about eight pairs

of simple setae. GnatJiosoma: Chelicerae very similar to those of L. habrus below.
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Legs: Genua and femora I and II with some slightly stronger setae dorsally; but

not nearly as strong as in other species. Coxal formula 2.2.2.1, as follows. Coxae I

with both anterior and posterior seta slender and normal, with the latter the stronger;

coxae II and III with anterior seta normal, and posterior seta enlarged and spine-like,

their relative proportions being as in L. ivasselli above; coxae IV with normal seta.

Description of male.—The male is somewhat smaller than the female (length of

idiosoma 498,u, breadth 290^), and is identical in all characters which are not determined

by sex. Holoventral shield of usual construction, with surface reticulated as far back

as the anus, and with a few fine lines flanking anus laterally. Sternal area rather

broad, with usual five pairs of setae and three pairs of pores between anterior

margin and coxae IV. Ventral area expanded behind coxae IV and slightly constricted

before level of anus, with eight to ten setae. Adanal setae finer, placed opposite

posterior half of anus. Postanal seta missing in both specimens, but socket larger

than those of adanal setae. Genital aperture oval and projecting forward from the

straight sternal margin. Chelicerae quite delicate, with fixed finger very weak and

spermatophore carrier longer, and rather slender.

Distribution.—Known from the type host and locality In North Queensland.

Laelaps habrus, n. sp. (appo<;, graceful, delicate). (Text-figs. 18-20.)

Types: Holotj^pe female and four paratype females in Queensland Museum; four

paratype females in Queensland Institute of Medical Research. All from the bandicoot

Echymipera kalabu kalabu (Lesson) in forest behind Mission quarters, Gona,. 6.xii.l956.

Description of female.—A medium-sized, elongate, and well-sclerotized species.

Length of idiosoma 596-619/x, breadth 339-374/^. Peritremes arising ventrally between

coxae III and IV and passing onto dorsum at level of coxae II to reach forward

almost to vertex. Dorsal shield single, elongate oval, with numerous pores and

39 pairs of setae, of which the most posterior pair are ever so slightly barbed.

Dorsolateral marginal cuticle with row of nine setae. Venter: Sternal shield with

anterior margin almost straight and posterior margin distinctly concave medially;

with usual six setae and four pores. Metasternal pores free in cuticle; metasternal

setae set on well-sclerotized platelets. Genitoventral plate small, but expanded slightly

behind coxae IV, with four pairs of setae, and linear markings as illustrated. Length
of genital plate 134-144/^, breadth 111-llQfi. Distance between fourth pair of genito-

ventral setae 51-65/i. Genital operculum with three shallow lobes on anterior edge.

Metapodal plates fairly well developed. Anal shield elongate, with anterior margin
straight, and sides gently curved. Anus set in anterior half, with adanal setae

somewhat longer than anus, and set at level of posterior of anus. Postanal seta

subequal to adanals. Ventral cuticle with eleven pairs of setae, the two posterior setae

being a continuation of the dorsolateral rows. GnatUosoma: Sensory seta on palpal

tarsus two-tined. Shaft of chelicerae two-segmented, with small seta dorsally near
the base of fixed finger. Movable finger with single apical tooth and two lateral teeth;

fixed finger with fiattened hyaline pilus dentarius, which projects outwardly between
the lateral teeth of the movable finger. Legs slender, not heavily armed, with only

slightly stronger setae dorsally on genua and femora I and II. Coxae I with anterior

seta weak and posterior slightly stronger, neither being spine-like; coxae II with
slender, curved anterior seta and weak posterior spine; coxae III similar to II, but

posterior spine slightly stronger; coxae IV with ordinary seta.

Distribution.—Known only from the type host from Papua.

Remarks.—As no key to the Australasian species of Laelaps is available, the

following is offered. It will also serve to summarize the diagnostic features of the

three new species described above. The lengths given for the genitoventral shield

are from the insertion of the genital setae to the posterior margin.

Key to females of Australasian species of Laelaps.

1. Genitoventral plate grossly expanded behind coxae IV 2.

Genitoventral plate only slightly expanded behind coxae IV 3.

2. Anal plate longer than wide ; setae on dorsal shield strong. Cosmopolitan on Rattus
echidninus Berlese.
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Anal plate wider than long ; setae on dorsal shield very weak. On Melomys in Queensland
and New Guinea rothschildi Hirst.

3. Large, dark species, more than 1-2 mm. in length ; sternal shield strongly convex anteriorly.

On native rodents and marsupial mice in South and Central Australia . . hapaloti Hirst.

Small, brown species, less than 0-9 mm. in length; sternal shield not markedly convex
anteriorly 4.

4. Posterior two pairs of genitoventral setae much stronger than anterior two pairs ; dorsal

setation very weak. On Pseudoniys in South Australia finlaysoni Womersley.
All four pairs of genitoventral setae subequal ; dorsal setation strong 5.

5. Anterior seta on coxae I slender and normal ; dorsal setae on genua and femora I and II

weak 6

Anterior seta on coxae I enlarged and spur-like ; dorsal setae on genua and femora I and II

strong 7.

6. Posterior seta on coxae II and III little modified; genitoventral plate small, 134-144/tt long,

111-116^ wide; fourth pair of genitoventral setae 51-65/i apart. On Echymi/pera in

Papua L. habrus, n. sp.

Posterior seta on coxae II and III greatly enlarged and spur-like
; genitoventral plate

large, 172-180/11 long, 153-162/t wide; fourth pair of genitoventral setae 97-106/t apart.

On Uromys in Cape York Peninsula L. southcotti^ n. sp.

7. Genitoventral plate distinctly wider than long ; adanal setae not reaching insertion of

postanal seta. On Rattus assimilis in Queensland L. assiinilis Womersley.
Genitoventral plate not wider than long ; adanal setae reaching insertion of postanal

seta , 8.

8. Only anterior seta of coxae I enlarged and spur-like
;

genitoventral plate rounded
posteriorly. Cosmopolitan on Rattus L. nuttalli Hirst.

Both anterior and posterior seta of coxae I enlarged ^and spur-like
;

genitoventral plate

flatter posteriorly. On Hydromys in North Queensland L. wasselli, n. sp.
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ABSTRACT OF PROCEEDINGS

ORDINARY MONTHLY MEETING.

27th March, 1957.

Dr. Lilian Eraser, President, in the chair.

The Chairman announced that library accessions amounting to 46 volumes, 303

parts or numbers, 89 bulletins, 13 reports and 14 pamphlets, total 465, had been

received since last meeting.

PAPEES EEAD (BY TITLE ONLY).

1. The Inheritance of some Characters in Eucalyptus. By L. D. Pryor.

2. Notes on the Skull and Cephalic Muscles of the Amphiszaenia. By H. Leighton

Kesteven.

3. On the Development of the Crocodilian Skull. By H. Leighton Kesteven.

SPECIAL GENERAL MEETING.

27th March, 1957.

Dr. Lilian Eraser, President, in the chair.

It was resolved that the alteration to Rule VI of the Society's Rules adopted

at the previous Special General Meeting be confirmed.

ORDINARY MONTHLY MEETING.

24th April, 1957.

Dr. Lilian Eraser, President, in the chair.

The following were elected Ordinary Members of the Society: Dr. Bruce Johnson,

Adelaide, South Australia; the Misses Barbara H. Lawes, University of Queensland,

Brisbane; Betsy R. Paterson, University of New England, Armidale, N.S.W.; Elizabeth R.

Phillis, Waitara, N.S.W.; Mr. Eric M. Reed, Campsie, N.S.W.; and Miss Judith L.

Reynolds, Earlwood, N.S.W.

The President announced that the Council had elected the following Office-bearers

for the 1957-58 session: Vice-Presidents: Professor J. M. Vincent, Professor F. V. Mercer,

Mr. A. N. Colefax, and Mr. S. J. Copland; Honorary Treasurer: Dr. A. B. Walkom;
Honorary Secretaries: Dr. W. R. Browne and Dr. A. B. Walkom.

The President offered congratulations to Dr. S. Smith-White on his appointment as

Reader in the University of Sydney, and to Dr. P. G. Valder on obtaining the degree

of Ph.D. of the University of Cambridge.

The President announced that Library accessions amounting to 14 volumes, 137

parts or numbers, 9 bulletins, 6 reports and 12 pamphlets, total 178, had been received

since the last meeting.
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PAPERS EEIAD.

1. Notes on some Evidences of Glaciation in the Kosciusko Region. By W. R.

Browne and T. G. Vallance.

2. Culex pipiens australicus Dobrotworsky and Drummond in New Caledonia. By
Elizabeth N. Marks and J. Rageau.

3. Australian Rust Studies. XV. The Occurrence in Australia of Stem Rust of

Rye, Puccinia graminis secalis E. & H. By W. L. Waterhouse.

LECTURETTE.

A lecturette entitled "New Caledonia and its Plants" was given by Dr. H. S. McKee.

ORDINARY MONTHLY MEETING.

29th May, 1957.

Dr. Lilian Eraser, President, in the chair.

Mr. R. B. Donnelly, Waverley, N.S.W. ; Dr. Barbara P. Menzies, M.Sc, University
of Sydney; and Mr. K. D. Shortman, Engadine, N.S.W., were elected Ordinary Members
of the Society.

The President offered congratulations to Dr. Gwenda Davis, University of New
England, on her appointment as Associate Professor.

The President announced that Library Accessions amounting to 30 volumes, 172

parts or numbers, 5 bulletins and 1 report, total 208, had been received since the last

meeting.

PAPERS READ.

1. Polyploidy in the Psilotales. By H. N. Barber.

2. Cross-stratification and other Sedimentary Features of the Narrabeen Group.

By Keith A. W. Crook.

3. Investigations in the Gekkonid Genus Oedura Gray. By Harold G. Cogger.

NOTES AND EXHIBITS.

Miss L. A. Holder exhibited a specimen of a sipunculid worm dug up in sandy mud,

very close to the channel at Gunnamatta Bay, at very low tide on 11th May. It was
found at a depth of about eighteen inches or two feet. When the animal was alive its

colour was pale opalescent pink. The body was flaccid; however, when irritated, it

became quite rigid. The introvert was occasionally protruded.

The animal was narcotized in Gray's menthol-chloral hydrate mixture before fixation

in formalin. The specimen will be sent to S. J. Edmonds in Adelaide for detailed

identification.

Mr. John Freeland described how four marked workers of Myrmecia nigriceps Mayr,

isolated from their nest for six weeks, homed 10 yards to the natural nest. As the

ants were collected from the nest, this meant that they did not home over ground

traversed on the way out. Therefore orientation seems not to have been by position

of the sun or by odour trail. The fastest time was 6 minutes and the slowest (of 4 ants)

35 minutes. The circumstances suggested that orientation was based on a knowledge

of the area about the nest and that some special case such as rocks and trees played

a part. Tree tops against the sky or horizon may play a part. More experiments are

needed for a satisfactory explanation.

Miss Elizabeth Pope exhibited a very large specimen of earthworm, believed to be

Notoscolex, which had been captured in the Toonumbar State Forest, near Kyogle,

N.S.W. When captured the worm was 5 feet 5 inches long (measured without stretching)

but contracted to 3 feet 6 inches on preservation. She intends to dissect and identify

the worms and to present a further note later.
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A collection of current Chinese scientific literature available in Sydney was exhibited

by the Honorary Secretary of the Australia-China Society (N.S.W. Branch), Mr. A. D.

Lindsay.

LECTURETTE.

A lecturette entitled "A Visit to Some American Universities and Marine Biological

Stations" was given by Miss Isobel I. Bennett.

ORDINARY MONTHLY MEETING.

26th June, 1957.

Dr. Lilian Eraser, President, in the chair.

Messrs. W. H. I. Dawbin, M.Sc, Lindfield, N.S.W., and L. W. C. Pilewood, West Ryde,

N.S.W., and Dr. A. R. H. Martin, M.A., University of Sydney, were elected Ordinary

Members of the Society.

The Chairman offered congratulations to Dr. R. J. Noble, who has been made a

Commander of the Order of the British Empire, and to Dr. John S. Bunt, B.Sc.Agr., on

the award of the degree of Doctor of Philosophy of the University of Sydney.

The Chairman announced that Library Accessions amounting to 10 volumes, 83

parts or numbers, 3 bulletins, 3 reports and 10 pamphlets, total 109, had been received

since the last meeting.

PAPERS READ.

1. Description of Two New Species of Australian Buprestidae of the Genus

Stigmodera, Subgenus Castiarina. By C. M. Deuquet.

2. A Practical Method for the Vegetative Propagation of Eucalyptus. By L. D. Pryor.

3. Studies on the Dispersal by Upper Winds of Aphis craccivora Koch in New
South Wales. By Bruce Johnson.

4. Notes on Australian Mosquitoes (Diptera, Culicidae). II. Notes on Anopheles

stigmaticus Skuse and Description of New Species of Anopheles from Australia and

New Guinea. By N. V. Dobrotworsky.

LECTURETTE.

A lecturette entitled "Some Aspects of Plant Distribution in Southern Africa",

illustrated with Kodachrome slides, was given by Dr. A. R. H. Martin.

ORDINARY MONTHLY MEETING.

31st July, 1957.

Dr. Lilian Eraser, President, in the chair.

Miss Gretchen P. Evans, Ainslie, A.C.T., and Mr. W. J. Peacock, University of Sydney,

were elected Ordinary Members of the Society.

The Chairman announced that the Council had decided to establish a Macleay
Memorial Lecture to be delivered biennially.

The Chairman announced that Ordinary Monthly Meetings will continue to be held

at 6 p.m. for the next three months (August-October inclusive).

The Chairman also announced that Library Accessions amounting to 20 volumes,

87 parts or numbers, 3 bulletins and 42 pamphlets, total 152, had been received since

the last meeting.

PAPERS READ.

1. Further Evidence of Pleistocene Glaciation in the Victorian Alps. By A. B. Costin.

2. A Glacial Mill and Millstone from Mt. Bogong, Victoria. By A. B. Costin.
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3. The Influence of the Surface on Oviposition by Aedes aegypti (Linn.) (Diptera,

Culicidae). By A. K. O'Gower.

4. Australian Fungi. IV. New Records and Revisions (contd.). By C. G. Hansford.

LECTURETTE.

A lecturette entitled "Some Aspects of the Biology of the Bandicoot", illustrated

with lantern slides and a short cinema film, was given by Mr. Gordon Lyne of the

McMaster Laboratory.

ORDINARY MONTHLY MEETING.

28th August, 1957.

Dr. Lilian Fraser, President, in the chair.

Mr. N. H. Luig, Cremorne, N.S.W., was elected an Ordinary Member of the Society.

The Chairman referred to the deaths on 2nd August, 1957, of Mr. David George

Stead, who had been a member of the Society since 1898, the oldest member; and of

Professor William Noel Benson, who died on 20th August, 1957. He had been a member
since 1907 and was an early Linnean Macleay Fellow in Geology.

The Chairman announced that Library Accessions amounting to 17 volumes, 223

parts or numbers, 44 bulletins, 4 reports and 13 pamphlets, total 301, had been received

since the last meeting.

PAPERS READ.

1. Inheritance of Resistance to Wheat Leaf Rust in Mentana, a Variety of Triticum

imlgare. By D. S. Athwal and I. A. Watson.

2. Inheritance Studies with Certain Leaf Rust Resistant Varieties of Triticum

vulgare Vill. By D. S. Athwal and I. A. Watson.

3. The Occurrence of Epinotia lantana (Busck) (Lepidoptera: Olethreutidae).

By I. F. B. Common.

4. Cytotaxonomy of the Proteaceae. By C. Venkata Rao. {Communicated by

Professor H. N. Barber.)

NOTES AND EXHIBITS.

Miss Elizabeth C. Pope contributed a further note on the Giant Earthworms from

Kyogle, N.S.W., and showed a short 8 mm. colour cinema film, which was taken by

Miss M. C. Dive, C.S.I.R.O. Standards Laboratory (Metrology Section), in which the

type of habitat and method of collection of the worms were seen. Average length of the

large specimens was a little over three feet, but several were taken up to 5 feet 5 inches

in length. Since the worms were first shown to the Society (at meeting of 29th May,
1957—see Abstraet of Proceedings, No. 668) several specimens have been dissected

and have proved to belong to the family Megascolecidae. An expert's opinion is needed

to determine the species. The worm is not, as was originally thought, a species of

Notoscolex, but differs only in having two gizzards. The worm's habit of squirting

coelomic fluid through a line of dorsal pores when irritating stimuli are applied was
seen in a short sequence in the film, but this habit is best seen when the worm is

being forcibly removed from its burrow. Miss Pope stated that the worm had a

peculiar, somewhat aromatic smell which persisted even after preservation in alcohol.

In original descriptions of the Gipps'land species a creosote-like scent was recorded.

Red volcanic soils and very high rainfalls characterize the two localities from which
worms have been collected and further reliable records (from biologists) of giant worms
(believed to be the same species) have come to hand from the Atherton Tableland in

Queensland. Here again high rainfalls are in evidence.
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It is hoped that the publicity being given to the occurrence of these worms will

result in the collection and sending to the Australian Museum of further specimens

from new localities and to the eventual establishment of the distribution of this very-

interesting endemic species.

Dr. Eric J. Reye exhibited a portable acetylene-operated light-trap for insects.

A readily portable, relatively cheap light-trap prototype using an acetylene flame as

the light source and the heat from it to provide mild suction. It has proved very

useful in the field for trapping sand-flies over bait animals and under good conditions

provides as much material as one person cares to handle.

Miss Barbara Briggs exhibited a collection of Darwinia from the Pigeon House
Range, N.S.W. All belong to D. taxifolia var. taxifolia, but they fall into two groups

differing in many morphological features. No evidence of hybridization between the

groups was observed. The problem of the isolating mechanism maintaining these

apparently closely allied forms in the one area was discussed.

Dr. Allen Keast exhibited some slides of the water birds (ducks, ibises, coots,

swans, herons, egrets and spoonbills) at present very abundant on the marshes close

to the city. Their appearance in such unusual numbers is the result of the very dry

conditions inland following two abundant years, and profuse breeding.

Mr. A. K. O'Gower exhibited a battery-operated mosquito suction trap. As mosquito

biting rates of up to 4,000 per hour have been encountered in certain areas, such a

mechanical means of aspirating mosquitoes is highly desirable.

Dr. W. R. Browne exhibited Kodachrome slides illustrating soil erosion in the

Kosciusko area.

ORDINARY MONTHLY MEETING.

25th September, 1957.

Dr. Lilian Fraser, President, in the chair.

The Chairman announced that the Council is prepared to receive applications for

Linnean Macleay Fellowships tenable for one year from 1st January, 1958, from qualified

candidates. The range of actual salary is £650-£800 according to qualifications. Appli-

cations should be lodged with the Honorary Secretary not later than Wednesday,
6th November, 1957.

The Chairman announced that Library Accessions amounting to 27 volumes, 106

parts or numbers, 23 bulletins, 8 reports and 7 pamphlets, total 171, had been received

since the last meeting.

PAPERS READ.

1. Notes on the Haemolaelaps maysuinalis Berl. Complex with the Description of a

New Species of the Genus (Acarina, Laelaptidae). By H. Womersley.

2. Notes on the Morphology and Biology of a New Species of Chalyhosoma (Diptera,

Tabanidae). By Kathleen M. I. English, I. M. Mackerras and A. L. Dyce.

3. Revision of the Genus Melichrus R.Br. (Epacridaceae). By Betsy R. Paterson.

Commemoration of the 250th Anniversary of the Birth of Linnaeus.

Sotne Aspects of the life and work of Linnaeus.

An article on the botanical work of Linnaeus, written by Mr. L. A. S. Johnson,

was read by Miss Mary D. Tindale (in the unavoidable absence of Mr. Johnson).

Mr. G. P. Whitley, Curator of Fishes, Australian Museum, Sydney, gave an illustrated

talk on the life and zoological work of Linnaeus. First editions and other interesting

"Linnaeana" were exhibited.
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ORDINARY MONTHLY MEETING.

30th OcTOBEK, 1957.

Professor J. M. Vincent, Vice-President, in the chair.

Mr. Max Casimir, Artarmon, N.S.W., Miss Marion F. Cramp, B.Sc., Sydney University,

and Mr. A. D. Stewart, Coogee, N.S.W., were elected Ordinary Members of the Society.

The Chairman announced that the Council is prepared to receive applications for

Linnean Macleay Fellowships tenable for one year from 1st January, 1958, from qualified

candidates. The range of actual salary is £650-£800 according to qualifications. Appli-

cations should be lodged with the Honorary Secretary not later than Wednesday, 6th

November, 1957.

The Chairman announced that Library Accessions amounting to 9 volumes, 116

parts or numbers, 16 bulletins, 4 reports and 2 pamphlets, total 147, had been received

since the last meeting.

PAPERS READ.

1. A New Species of Claviceps on Phalaris tuberosa L. By J. Walker.

2. The Influence of the Surface on Oviposition by Aedes albopictus (Skuse) and

Aedes scutellaris katherinensis Woodhill (Diptera, Culicidae). By A. K. O'Gower.

3. Studies of Nitrogen-fixing Bacteria. VI. A New Species of Nitrogen-fixing

Bacteria. By Y. T. Tchan.

LECTURETTE.

A lecturette entitled "Social Behaviour in the Australian Bulldog Ants" was
delivered by Mr. John Freeland, illustrated by colour photographs taken and projected

by Mr. Trengove.

ORDINARY MONTHLY MEETING.

27th November, 1957.

Mr. S. J. Copland, Vice-President, in the chair.

The Chairman announced that Miss Nola J. Hannon, B.Sc, and Mrs. Mary B.

Williams, B.Sc, had been reappointed to Linnean Macleay Fellowships in Botany for

one year from 1st January, 1958.

The Chairman announced that Library Accessions amounting to 9 volumes, 87 parts

or numbers, 15 bulletins, 7 reports and 9 pamphlets, total 127, had been received

since last meeting.

PAPERS READ.

1. Notes on Australian Mosquitoes (Diptera, Culicidae). III. The Subgenus
Lophoceraomyia in Victoria. By N. V. Dobrotworsky.

2. Studies on Australian Thynnidae Shuckard, 1841 (Hymenoptera). III. An
Introduction to the Comparative Morphology of the Male. By K. E. W. Salter.

3. New and Little Known Australasian Laelaptidae (Acarina). By R. Domrow.

NOTES AND EXHIBITS.

Mrs. Pearl Messmer exhibited (1) kodachrome slides of the green tree ant, Oecophylla

smoragdina virescens; (2) kodachrome slides of the Bugaldi diatomaceous earth mine;

(3) fossil specimen of the Murray Cod, Maccullochella macquariensis, and introduced

discussion as to the age of the fish, which in many respects does not agree with

Maccullochella; and (4) kodachrome slides of the Burning Mountain at Wingen, N.S.W.

Mr. G. P. Whitley exhibited illustrations of Recent Murray Cod (Maccullochella

macquariensis) and considered the fishes from diatomaceous earth described by Hills

(Rec. Austr. Mus., XXI, 1946, p.' 381, pis. 31-33) were not of the same species; also, on

behalf of the Royal Zoological Society of New South Wales, the Society's latest publi-

cation, "A Reclassification of the Order Odonata", by Lt.-Col. F. C. Fraser, I.M.S.
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Dr. Bruce McMillan exhibited the various phases of the life cycle of the tsetse fly,

Glossina T>alpalis Rob.-Dev., by means of photographs and specimens embedded in

plastic; and microphotographs of Trypanosoma gambiense and T. vivax and their

relationship to human and veterinary trypanosomiasis. Dr. McMillan also discussed,

with the aid of kodachrome transparencies, the haunts and biology of G. palpalis,.

G. longipalis, G. morsitans and G. tachinoides in northern Nigeria.

Dr. I. V. Newman exhibited four "Linnaeana" and a pamphlet about paper making.

The "Linnaeana" were: (1) a book of 1758 collecting together Linnaeus's Fundamenta
Botanica (1736), Bponsalia Plantarum and Systema Naturae (1735); (2) a Ray Society

translation (1938) of Linnaeus's Critica Botanica (1737) which elaborates aphorisms

310-324 of the Fundamenta and is a forerunner of the modern International Codes of

Botanical Nomenclature; (3) Linnaeus's Philosophia Botanica (1751) which is really a.

text-book of Botany and is taxonomically of interest, the aphorism 77 of which states the

desirability of a "natural method" of classification and proposes 68 "fragments" (i.e.

groups of genera) of such a classification; (4) John Miller's A71 Illustration of the Sexual

System of Linnaeus (1779) showing a use of the terms Gymnospermia and Angiospermia,

different from present day use, and based on a failure to realize the fruit type now known.

as schizocarp. The pamphlet on paper making was an advocacy by John Murray,

F.A.S., F.L.S., etc., of using the New Zealand flax (Phormium tenax) for making paper
and was printed on such paper. Though the date of publication was 1836 the paper

is still strong, and the printing is very sharp and clear, though the paper is slightly

discoloured and speckled.

Mrs. E. Morgan exhibited microscopic sections of fern prothalli and kodachrom&
slides showing tracheids in gametophytes of some members of the Osmundaceae and
indicated their bearing on the reported occurrence of apogamy.
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